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(57)Abstract: w 
PROBLEM TO BE SOLVED: To provide a 
semiconductor device having high characteristic and 
high reliability. 

SOLUTION: The semiconductor device is provided 
with a thin film transistor (40) having a multi-crystal 
semiconductor layer (11), and has low-concentration 
impurity areas (18a, 18b) which are positioned 
among a channel area (22) and high concentration 
impurity areas (24, 17) positioned on both the sides 
of the channel area (22) in the semiconductor layer 
(11) and in which impurity concentration is lower than 
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the high concentration impurity area (24, 17). The particulate diameter of a crystal (14) in 
which at least a part exists in the low concentration impurity area (18b) is larger than that 
of the other crystal (15). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s j lows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the thin film transistor which has the semi-conductor layer of polycrystal. In said 
semi-conductor layer A channel field, It has the high concentration impurity range located in the 
both sides of this channel field, and the offset field which is located between said channel field and a 
high concentration impurity range, and does not contain a low concentration impurity range or an 
impurity with high impurity concentration lower than said high concentration impurity range. The 
semiconductor device with which one particle size of the crystals with which at least a part exists in 
said low concentration impurity range or an offset field is characterized by being larger than the 
particle size of other crystals. 

[Claim 2] A crystal besides the above is a semiconductor device according to claim 1 characterized 
by being the crystal which exists in said channel field. 

[Claim 3] The semiconductor device according to claim 1 with which one particle size of the crystals 
with which at least a part exists in a less than 0.5 -micrometer field a said low concentration impurity 
range or offset field side including this boundary is characterized by being larger than the particle 
size of other crystals at least from one side of a boundary with said channel field and said low 
concentration impurity range, or an offset field. 

[Claim 4] A crystal besides the above is a semiconductor device according to claim 3 characterized 
by being the crystal which exists in said channel field. 

[Claim 5] It has the thin film transistor which has the semi-conductor layer of polycrystal. In said 
semi-conductor layer A channel field, It has the high concentration impurity range located in the 
both sides of this channel field, and the offset field which is located between said channel field and a 
high concentration impurity range, and does not contain a low concentration impurity range or an 
impurity with high impurity concentration lower than said high concentration impurity range. The 
semiconductor device characterized by the grain boundary not existing in less than 0.3 micrometers a 
said low concentration impurity range or offset field side including this boundary at least from one 
side of a boundary with said channel field and said low concentration impurity range, or an offset 
field. 

[Claim 6] Furthermore, the semiconductor device according to claim 5 characterized by the grain 
boundary not existing in less than 0.3 micrometers said channel field side from said boundary with 
said channel field and said low concentration impurity range, or an offset field. 
[Claim 7] The semiconductor device which has the offset field which is equipped with the thin film 
transistor which has the semi-conductor layer of polycrystal, is located in said semi-conductor layer 
between a channel field, the high-concentration impurity range in which it is located on both sides of 
this channel field, and said channel field and a high concentration impurity range, and does not 
contain a low-concentration impurity range or an impurity with high impurity concentration lower 
than said high concentration impurity range, and is characterized by for the grain boundary not to 
exist in said low-concentration impurity range or the offset field of one side at least. 
[Claim 8] Furthermore, the semiconductor device according to claim 7 characterized by the grain 
boundary not existing in said channel field. 

[Claim 9] Furthermore, the semiconductor device according to claim 8 characterized by the grain 
boundary not existing in said high concentration impurity range contiguous to said low concentration 
impurity range or an offset field. 
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[Claim 10] The semiconductor device with which two or more thin film transistors which have a 
common function are included, and 50% or more of the number of this thin film transistor is 
characterized by being the thin film transistor indicated by claim 1 or 5. 

[Claim 1 1] It is the semiconductor device according to claim 1 which the substrate film which has 
insulation is formed between the substrate and said semi-conductor layer, and is characterized by 
said substrate film containing the porous layer whose average aperture is 0.01-2 micrometers. 
[Claim 12] It is the semiconductor device according to claim 1 characterized by forming the 
substrate film which has insulation between the substrate and said semi-conductor layer, and said 
substrate film containing a layer more precise than this porous layer formed on the porous layer 
whose average aperture is 0.01-2 micrometers, and this porous layer. 

[Claim 13] Said thin film transistor is a semiconductor device according to claim 1 characterized by 
being formed near the pattern of the predetermined configuration which consists of matter with 
thermal conductivity higher than said semi-conductor layer. 

[Claim 14] Said pattern is a semiconductor device according to claim 13 currently formed between 
the substrate and said semi-conductor layer. 

[Claim 15] Said pattern is a semiconductor device according to claim 14 characterized by being 
covered with the substrate film which has the insulation formed between the substrate and said semi- 
conductor layer. 

[Claim 16] It is the semiconductor device according to claim 15 which said substrate film consists of 
top substrate film and bottom substrate film, and is characterized by arranging said pattern between 
said top substrate film and said bottom substrate film. 

[Claim 17] The semiconductor device according to claim 16 with which thickness of said top 
substrate film is characterized by being thinner than the thickness of said bottom substrate film. 
[Claim 18] Said thin film transistor is a semiconductor device according to claim 1 characterized by 
having the semi-conductor layer which consists of a semi-conductor thin film of polycrystal, and the 
pattern of the predetermined configuration which consists of an amorphous semi-conductor thin film. 

[Claim 19] The liquid crystal display characterized by having the pixel which operates by supplying 
an electrical potential difference through a semiconductor device according to claim 1 . 
[Claim 20] EL display characterized by having the pixel which operates by supplying an electrical 
potential difference through a semiconductor device according to claim 1 . 

[Claim 21] The manufacture approach of the semi-conductor thin film characterized by including the 
process which forms the heat dissipation layer which becomes a part on the amorphous substance 
formed on the substrate, or the semi-conductor thin film of polycrystal from the matter with thermal 
conductivity higher than this semi-conductor thin film, and the process which irradiate strong light or 
a laser beam and said semi-conductor thin film is made to crystallize. 

[Claim 22] The process at which the process which forms said heat dissipation layer forms the film 
of the matter with thermal conductivity higher than this semi-conductor thin film on said semi- 
conductor thin film, The process which forms a resist mask in the film of the matter with said high 
heat conductivity by the photolithography, The manufacture approach of the semi-conductor thin 
film according to claim 21 characterized by including the process to which the film of the matter 
with said high heat conductivity carries out etching removal of the part which is not covered with 
said resist mask, and the process which exfoliates said resist mask. 

[Claim 23] The process which forms said heat dissipation layer is the manufacture approach of the 
semi-conductor thin film according to claim 21 characterized by including the process which forms a 
resist pattern by the photolithography, the process which forms the film of the matter with the heat 
conductivity higher than said semi-conductor thin film, and the process which carries out lift off of 
said resist pattern with the matter with said high heat conductivity. 

[Claim 24] The process which forms said heat dissipation layer is the manufacture approach of the 
semi-conductor thin film according to claim 21 characterized by including the process which forms 
the matter with thermal conductivity higher than said semi-conductor thin film by vacuum 
evaporationo or the spatter using the mask which has opening. 

[Claim 25] Said strong light or laser beam is the manufacture approach of the semi-conductor thin 
film according to claim 21 which is in the condition which fixed the physical relationship of a 
substrate and the light source, and is characterized by being given by the exposure of one pulse or 
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two or more pulses to the predetermined range on a substrate. 

[Claim 26] It is the manufacture approach of the semi-conductor thin film which is equipped with the 
process which forms a heat-dissipation layer in the part on a substrate, the process which form the 
substrate film which has insulation on said substrate and a heat-dissipation layer, the process which 
form an amorphous substance or the semi-conductor thin film of polycrystal on said substrate film, 
and the process irradiate strong light or a laser beam and said semi-conductor thin film makes a 
process crystallize, and is characterized by for said heat-dissipation layer to consist of matter with 
thermal conductivity high than said semi-conductor thin film. 

[Claim 27] it be the manufacture approach of the semi-conductor thin film characterize by to make 
the quantity of light which it have the process which irradiate strong light or a laser beam and the 
amorphous substance formed on the substrate or the semi-conductor thin film of polycrystal be make 
to crystallize through an exposure mask, and said exposure mask have the lens section by which the 
curved surface be formed in a part of front rear face [ at least ], and be irradiate by said semi- 
conductor thin film produce inclination-distribution. 

[Claim 28] Said lens section is the manufacture approach of the semi-conductor thin film according 
to claim 27 characterized by being formed plane view band-like or in the shape of a circle, and said 
distribution arising along said band-like longitudinal direction or the direction of a path of the shape 
of said circle. 

[Claim 29] The curved surface of said lens section is the manufacture approach of the semi- 
conductor thin film according to claim 27 characterized by being formed by hollowing a part of front 
rear face [ at least ] of said exposure mask. 

[Claim 30] It is the manufacture approach of the semi-conductor thin film which is equipped with the 
process which irradiates strong light or a laser beam and the amorphous substance formed on the 
substrate or the semi-conductor thin film of polycrystal is made to crystallize through an exposure 
mask, and is characterized by said exposure mask making the quantity of light irradiated by said 
semi-conductor thin film by giving phase distribution to exposure light produce inclination- 
distribution. 

[Claim 31] Said exposure mask is the manufacture approach of a semi-conductor thin film to claim 
30 characterized by consisting of a light transmission nature member from which thickness differs 
partially, and giving phase distribution to said exposure light by the difference in said thickness. 
[Claim 32] It is the manufacture approach of the semi-conductor thin film characterized by to make 
the quantity of light which is equipped with the process which irradiates strong light or a laser beam 
and the amorphous substance formed on the substrate or the semi-conductor thin film of polycrystal 
is made to crystallize through an exposure mask, and said exposure mask becomes from the 
protection-from-light nature member which has two or more openings, and is irradiated by said 
semi-conductor thin film by two or more of said openings produce inclination-distribution. 
[Claim 33] Said two or more openings are the manufacture approaches of a semi-conductor thin film 
to claim 32 characterized by arranging the numerical aperture per unit area so that it may change 
gradually or continuously along with the longitudinal direction of a strip region, and said distribution 
arising along with said longitudinal direction. 

[Claim 34] Said two or more openings are the manufacture approaches of the semi-conductor thin 
film according to claim 32 characterized by arranging the numerical aperture per unit area so that it 
may increase in the direction of a path from the core of a circle-like field gradually or continuously 
towards the circumference, and said distribution arising along said direction of a path. 
[Claim 35] The heat dissipation layer which becomes a part on the amorphous substance formed on 
the substrate, or the semi-conductor thin film of polycrystal from the matter with thermal 
conductivity higher than this semi-conductor thin film, and the process which forms an alignment 
key, The process which irradiates strong light or a laser beam and said semi-conductor thin film is 
made to crystallize, and the process which forms a gate electrode layer on said semi-conductor thin 
film are included. Said alignment key The manufacture approach of the semiconductor device 
characterized by being used in the photograph process for etching said a part of gate electrode layer, 
and forming the pattern of a gate electrode in a predetermined location at least. 
[Claim 36] The process which forms an alignment key in the part on a substrate, and the process 
which forms an amorphous substance or the semi-conductor thin film of polycrystal on said substrate 
and an alignment key, The process which irradiates strong light or a laser beam and said semi- 
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conductor thin film is made to crystallize, and the process which forms a gate electrode layer on said 
semi-conductor thin film are included. Said alignment key The manufacture approach of the 
semiconductor device characterized by being used in the photograph process for consisting of matter 
with the heat conductivity higher than said semi-conductor thin film, etching said a part of gate 
electrode layer at least, and forming the pattern of a gate electrode in a predetermined location. 
[Claim 37] By irradiating strong light or a laser beam through an exposure mask at the amorphous 
semi-conductor thin film formed on the substrate The process which forms an alignment key while 
making it crystallize after quantity of light distribution has arisen, and the process which forms a 
gate electrode layer on said semi-conductor thin film are included. Said alignment key It is formed of 
the difference of a color with the poly crystalline silicon field and amorphous silicon field which are 
produced in a semi-conductor thin film when said exposure mask intercepts a part of transmitted 
light. The manufacture approach of the semiconductor device characterized by being used in the 
photograph process for etching said a part of gate electrode layer, and forming the pattern of a gate 
electrode in a predetermined location at least. 

[Claim 38] The process which forms a gate electrode and an alignment key in the part on a substrate, 
The process which forms an amorphous substance or the semi-conductor thin film of poly crystal on 
said gate electrode and an alignment key, The manufacture approach of the semiconductor device 
characterized by including the process which forms in the predetermined location on said semi- 
conductor thin film the heat dissipation layer which consists of matter with thermal conductivity 
higher than said semi-conductor thin film, and the process which irradiate strong light or a laser 
beam and said semi-conductor thin film is made to crystallize using said alignment key. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor 
device, a liquid crystal display, EL display, and a semi-conductor thin film, and the manufacture 
approach of a semiconductor device. 
[0002] 

[Description of the Prior Art] As the manufacture approach of the semi-conductor thin film which 
forms the semi-conductor layer of a thin film transistor (henceforth "TFT"), a laser beam is irradiated 
to the amorphous semiconductor film or minute crystal semi-conductor film formed by substrates, 
such as glass, and, generally the laser annealing method for obtaining the polycrystal semi-conductor 
film is learned by making it crystallize. Usually, this is called a crystallization process. 
[0003] Generally as the light source of the laser used at a crystallization process, argon laser, KrF, 
and XeCl excimer laser are used. Generally TFT produced by the above-mentioned manufacture 
approach is mainly called low-temperature Pori Si-TFT from the point using Si as a semi-conductor, 
and the point that a process consists of temperature below the melting point of the glass used as a 
substrate. 

[0004] In the old TFT-liquid-crystal display, TFT which uses amorphous Si as a semi-conductor 
layer is common, and the method with which the circuit part for driving a pixel attaches IC chip 
around a screen is adopted. On the other hand, it is producible to a drive circuit by adopting above- 
mentioned low-temperature Pori Si-TFT using TFT formed on the glass substrate. That is, a part 
without a screen can be made small in the periphery part of the panel of the liquid crystal display 
usually called a frame, and the liquid crystal display of a higher definition dot pitch can be produced. 
Moreover, the so-called system-on panel (SOP) which forms various kinds of semiconductor circuits 
on a glass substrate becomes possible by using low-temperature Pori Si-TFT of a high property. 
Furthermore, EL display is producible by switching EL display device using low-temperature Pori 
Si-TFT. 
[0005] 

[Problem(s) to be Solved by the Invention] However, above-mentioned low-temperature Pori Si-TFT 
has the following troubles. 

(1) Since the diameter of crystal grain of the polycrystalline silicon thin film produced is small and 
electronic mobility is small, produce degradation in properties, such as response engine performance 
at the time of manufacturing TFT. 

(2) If there are many grain boundaries of a silicon crystal a boundary or near [ its ] a low 
concentration impurity range (henceforth a "LDD field") or an offset field, and the channel field, 
since many crystal defects and dangling bonds exist near a grain boundary as TFT, produce 
degradation, when switching operation is carried out for TFT long duration or many times, and 
dependability falls. 

(3) Since there is no means to define the physical relationship of the crystal of a silicon thin film and 
a TFT pattern in case TFT or a display is manufactured, the location of the grain boundary of the 
silicon crystal to TFT does not become settled, but produce variation in the property at the time of 
manufacturing TFT. 

[0006] This invention sets offer of the polycrystal semi-conductor thin film which has the crystal of 
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the diameter of a large drop as the main purposes. Furthermore, offer of the semiconductor device 

which is a high property and has high-reliability is set as the main purposes. 

[0007] 

[Means for Solving the Problem] (The manufacture approach of a semi-conductor thin film) In order 
to attain the above-mentioned purpose, the manufacture approach of the semi-conductor thin film of 
this invention is characterized by to include the process which forms the heat dissipation layer which 
becomes a part on the amorphous substance formed on the substrate, or the semi-conductor thin film 
of polycrystal from the matter with thermal conductivity higher than this semi-conductor thin film, 
and the process which irradiate strong light or a laser beam and said semi-conductor thin film is 
made to crystallize. 

[0008] According to the manufacture approach of this semi-conductor thin film, if melting of the 
semi-conductor thin film is carried out by the exposure of strong light like a flash lamp, or a laser 
beam, it will be rapidly cooled near [ in which the heat dissipation layer is formed ] the part by 
radiating heat by the heat dissipation layer. This cooling rate becomes slow gradually as it keeps 
away from a heat dissipation layer. Consequently, since a temperature gradient is produced in a 
semi-conductor thin film at the time of cooling, a crystal grows in accordance with this temperature 
gradient, i.e., the direction which keeps away near the heat dissipation layer, and the large crystal of 
particle size is obtained. If TFT is manufactured using this semi-conductor thin film, since it is large 
compared with the former, the diameter of crystal grain of mobility will improve, and degradation of 
the engine performance will be reduced. 

[0009] As a process which forms said heat dissipation layer, the approach specifically shown below 
can be illustrated preferably. 

[0010] - The process which forms the film of the matter with thermal conductivity higher than this 
semi-conductor thin film on the aforementioned semi-conductor thin film, The process which forms 
a resist mask in the film of the matter with said high heat conductivity by the photolithography, The 
process to which the film of the matter with said high heat conductivity carries out etching removal 
of the part which is not covered with said resist mask, The process which forms a resist pattern by 
the process and photolithography which exfoliates said resist mask, The process which forms the 
film of the matter with the heat conductivity higher than said semi-conductor thin film, and said 
resist pattern the process which forms the matter with thermal conductivity higher than said semi- 
conductor thin film by vacuum evaporationo or the spatter using the mask which has the process and 
opening which carries out lift off with the matter with said high thermal conductivity — by all of 
these A heat dissipation layer can be formed easily and productivity can be raised. 
[001 1] The location of said heat dissipation layer can be formed where a semi-conductor thin film is 
touched, and it may be any of the upper part of a semi-conductor thin film, or a lower part. 
[0012] Moreover, the manufacture approach of other semi-conductor thin films of this invention is in 
the condition to which said strong light or laser beam fixed the physical relationship of a substrate 
and the light source, and it is characterized by being given by the exposure of one pulse or two or 
more pulses to the predetermined range on a substrate. 

[0013] Since a crystal grows corresponding to each exposure location in the scan exposure which 
carries out pulse irradiation, moving a substrate or the light source in a predetermined pitch, the 
crystal which has the particle size more than a pitch is not formed in a scanning direction. On the 
other hand, by carrying out pulse irradiation, where the physical relationship of a substrate and the 
light source is fixed, constraint of a scan pitch cannot be received but the crystal of the diameter of a 
large drop can be formed. Since dispersion in the exposure reinforcement for every pulse is 
equalized and the diameter of crystal grain and membraneous quality of a semi-conductor thin film 
are equalized by irradiating two or more pulses to the predetermined range on a substrate especially, 
dispersion in the property at the time of manufacturing TFT decreases. 

[0014] However, said strong light or laser beam can also be given by the scan exposure which carries 
out two or more pulse irradiation to the predetermined range on a substrate with pulse laser 
equipment while changing the physical relationship of a substrate and the light source relatively in a 
predetermined pitch. 

[0015] Moreover, the manufacture approach of the semi-conductor thin film of further others of this 
invention is equipped with the process which forms a heat dissipation layer in the part on a substrate, 
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the process which forms an amorphous substance or the semi-conductor thin film of polycrystal on 
said substrate, and the process which irradiate strong light or a laser beam and said semi-conductor 
thin film is made to crystallize, and said heat dissipation layer is characterized by consisting of 
matter with thermal conductivity higher than said semi-conductor thin film. 
[0016] Since according to the manufacture approach of this semi-conductor thin film a heat 
dissipation layer is caudad formed rather than a semi-conductor thin film by forming a semi- 
conductor thin film after forming a heat dissipation layer, when manufacturing TFT using this semi- 
conductor thin film, removal of a heat dissipation layer is unnecessary. Moreover, since it is not 
necessary to remove a heat dissipation layer, in the production process of TFT, this heat dissipation 
layer can be used also as an alignment key. The following can be illustrated as a process which 
forms a heat dissipation layer caudad rather than a semi-conductor thin film. 

[0017] The substrate film which has insulation is formed the process which forms a heat dissipation 
layer on a substrate, and on this substrate. Said heat dissipation layer by said substrate film - A wrap 
process, The process which forms the substrate film which has insulation on the process and 
substrate which forms an amorphous substance or the semi-conductor thin film of polycrystal in said 
substrate film, the process which forms said heat dissipation layer in said substrate film, and other 
substrate film which has insulation on said substrate film — forming — said heat dissipation layer — 
said — others — the substrate film — a wrap process — said — others — the process [0018] which 
forms an amorphous substance or the semi-conductor thin film of polycrystal in the substrate film 
Moreover, the manufacture approach of the semi-conductor thin film of further others of this 
invention be equip with the process which irradiate strong light or a laser beam and the amorphous 
substance formed on the substrate or the semi-conductor thin film of polycrystal be make to 
crystallize through an exposure mask, said exposure mask have the lens section by which the curved 
surface be formed in a part of front rear face [ at least ], and it be characterize by to make the 
quantity of light irradiate by said semi-conductor thin film produce inclination-distribution. 
[0019] Since inclination-distribution is produced in the quantity of light irradiated by the semi- 
conductor thin film when strong light or a laser beam penetrates the lens section of said exposure 
mask according to the manufacture approach of this semi-conductor thin film, according to quantity 
of light distribution, temperature distribution arise in a semi-conductor thin film. Thereby, 
solidification and crystallization start the fused semi-conductor thin film from a part with the lowest 
temperature, i.e., the part which had least exposure quantity of light. And in accordance with an 
inclination-temperature gradient, a crystal grows towards the part which had much exposure quantity 
of light, and the large crystal of particle size is obtained. If TFT is manufactured using this semi- 
conductor thin film, since it is large compared with the former, the diameter of crystal grain of 
mobility will improve, and degradation of the engine performance will be reduced. 
[0020] As an approach of producing said quantity of light distribution, what is specifically shown 
below can be illustrated preferably. 

[0021] - When the lens section which the aforementioned lens section makes produce quantity of 
light distribution along said band-like longitudinal direction, or the circle-like direction of a path 
using the exposure mask formed plane view band-like or in the shape of a circle is plane view band- 
like, along with a band- like longitudinal direction, a crystal grows [ the quantity of light ] towards 
the part of strength from the part of weakness. Moreover, when the lens section is a plane view 
circle-like, a crystal grows in the direction which goes to a periphery near the core of the lens section 
towards a periphery from a core by making it the quantity of light become weakness to strength. If 
the lens section is a plane view circle-like, since the location which crystallization starts is clear as a 
point, there is an advantage that the formation location of the diameter crystal of a large drop is 
controllable with high precision. As an example of the plane view circle-like lens section, the 
internal surface of the crevice formed in the inferior surface of tongue of an exposure mask can 
mention the concave lens which is the abbreviation spherical surface-like. 

[0022] Although it is desirable to be formed by hollowing a part of front rear face [ at least ] of said 
exposure mask as for the curved surface of said lens section, it can also form the lens section thickly 
rather than other parts of an exposure mask by making the lens section convex conversely. 
[0023] Moreover, it is characterized by for said exposure mask to make the quantity of light 
irradiated by said semi-conductor thin film by giving phase distribution to exposure light produce 
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inclination-distribution by equipping the manufacture approach of the semi-conductor thin film of 
further others of this invention with the process which irradiates strong light or a laser beam and the 
amorphous substance formed on the substrate or the semi-conductor thin film of polycrystal is made 
to crystallize through an exposure mask. 

[0024] According to the manufacture approach of this semi-conductor thin film, by interference of 
the light produced according to phase distribution, since inclination-distribution is produced in the 
quantity of light irradiated by the semi-conductor thin film, according to quantity of light 
distribution, temperature distribution arise in a semi-conductor thin film. Thereby, the fused semi- 
conductor thin film starts solidification and crystallization from a part with the lowest temperature, 
i.e., the part which had least exposure quantity of light. And in accordance with an inclination- 
temperature gradient, a crystal grows towards the part which had much exposure quantity of light, 
and the large crystal of particle size is obtained. If TFT is manufactured using this semi-conductor 
thin film, since it is large compared with the former, the diameter of crystal grain of mobility will 
improve, and degradation of the engine performance will be reduced. 

[0025] As an approach of producing said phase distribution, what is specifically shown below can be 
illustrated preferably, and quantity of light distribution can be easily given by this. 
[0026] - Phase distribution can be given to the transmitted light by preparing a level difference using 
the exposure mask which consists of a light transmission nature member from which thickness 
differs partially, for example, when [ which give phase distribution to said exposure light according 
to this thickness distribution ] an internal surface forms a cylinder-like crevice in the inferior surface 
of tongue of an exposure mask. Moreover, since the location which crystallization starts is clear as a 
point when forming a crevice in the shape of a plane view circle in this way, there is an advantage 
that the formation location of the diameter crystal of a large drop is controllable with high precision. 
[0027] Moreover, the manufacture approach of the semi-conductor thin film of further others of this 
invention is equipped with the process which irradiates strong light or a laser beam and the 
amorphous substance formed on the substrate or the semi-conductor thin film of polycrystal is made 
to crystallize through an exposure mask, said exposure mask consists of a protection- from-light 
nature member which has two or more openings, and it is characterized by to make the quantity of 
light irradiated by said semi-conductor thin film by two or more of said openings produce 
inclination-distribution. 

[0028] Since inclination-distribution is produced in the quantity of light irradiated by the semi- 
conductor thin film by defining the magnitude of each opening, a configuration, arrangement, etc. 
suitably according to the manufacture approach of this semi-conductor thin film, according to 
quantity of light distribution, temperature distribution arise in a semi-conductor thin film. Thereby, 
the fused semi-conductor thin film starts solidification and crystallization from a part with the lowest 
temperature, i.e., the part which had least exposure quantity of light. And in accordance with an 
inclination-temperature gradient, a crystal grows towards the part which had much exposure quantity 
of light, and the large crystal of particle size is obtained. If TFT is manufactured using this semi- 
conductor thin film, since it is large compared with the former, the diameter of crystal grain of 
mobility will improve, and degradation of the engine performance will be reduced. 
[0029] As an approach of producing said quantity of light distribution, what is specifically shown 
below can be illustrated preferably. 

[0030] - Use the exposure mask with which said two or more openings have been arranged so that 
the numerical aperture per unit area may change gradually or continuously along with the 
longitudinal direction of a strip region. The numerical aperture per [ which produces said quantity of 
light distribution along with said longitudinal direction ] - unit area The exposure mask with which 
said two or more openings have been arranged so that it may increase in the direction of a path from 
the core of a circle-like field gradually or continuously towards the circumference is used. In 
changing the numerical aperture per [ which produces said quantity of light distribution along said 
direction of a path ] unit area along with the longitudinal direction of a strip region, along with this 
longitudinal direction, a crystal grows [ the quantity of light ] towards the part of strength from the 
part of weakness. Moreover, in turning the numerical aperture per unit area on the outskirts from the 
core of a circle-like field and making it increase in the direction of a path, a crystal grows towards 
the circumference from the core of a circle-like field. By making change of this quantity of light 
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distribution in inclination, the particle size of a crystal becomes large. In the case of the latter, since 
the location which starts crystallization is clear as a point, there is an advantage that the formation 
location of the diameter crystal of a large drop is controllable with high precision. 
[0031] Moreover, in the manufacture approach of a semi-conductor thin film, after forming a porous 
insulator layer on a substrate, a semi-conductor thin film may be formed and the crystal which has a 
bigger particle size by this can be obtained. 

[0032] In order to attain the above-mentioned purpose, (The manufacture approach of a 
semiconductor device) The manufacture approach of the semiconductor device of this invention The 
heat dissipation layer which becomes a part on the amorphous substance formed on the substrate, or 
the semi-conductor thin film of polycrystal from the matter with thermal conductivity higher than 
this semi-conductor thin film, and the process which forms an alignment key, The process which 
irradiates strong light or a laser beam and said semi-conductor thin film is made to crystallize, and 
the process which forms a gate electrode layer on said semi-conductor thin film are included. Said 
alignment key [0033] characterized by being used in the photograph process for etching said a part 
of gate electrode layer, and forming the pattern of a gate electrode in a predetermined location at 
least According to the manufacture approach of this semiconductor device, if melting of the semi- 
conductor thin film is carried out by the exposure of strong light or a laser beam, it will be rapidly 
cooled near [ in which the heat dissipation layer is formed ] the part by radiating heat by the heat 
dissipation layer. This cooling rate becomes slow gradually as it keeps away from a heat dissipation 
layer. Consequently, since a temperature gradient is produced in a semi-conductor thin film at the 
time of cooling, a crystal grows in accordance with this temperature gradient, i.e., the direction 
which keeps away near the heat dissipation layer, and the large crystal of particle size is obtained. 
[0034] or [ that the defect to which the diameter of crystal grain mainly exists in the grain boundary 
since it is large compared with the former will decrease if TFT is manufactured using this semi- 
conductor thin film ] - or ~ since it is lost and the properties of TFT including mobility improve - a 
high property ~ and the semiconductor device which has high-reliability can be obtained. Just refer 
to the manufacture approach of the above-mentioned semi-conductor thin film for the concrete 
approach of forming a heat dissipation layer. 

[0035] Furthermore, since an alignment key is formed in a semi-conductor thin film, a gate electrode 
can be formed using this alignment key, and TFT can be formed in a desired location to the diameter 
crystal of a large drop. 

[0036] Since there was no means to form TFT according to this crystal even if the diameter crystal of 
a large drop was formed in the semi-conductor thin film, the existence of the grain boundary and 
fluctuation of the number of grain boundaries are produced, and the property of TFT was made to 
produce dispersion in a LDD field or an offset field, or a channel field conventionally. However, 
since according to the manufacture approach of this semiconductor device the location of the grain 
boundary can be avoided and a part of TFT or TFT structure can be formed in the location of the 
diameter crystal of a large drop, the above-mentioned problem is mitigable. 

[0037] As for formation of this alignment key, it is desirable to carry out to coincidence at the same 
process as formation of a heat dissipation layer. 

[0038] Moreover, the manufacture approach of other semiconductor devices of this invention The 
process which forms an alignment key in the part on a substrate, and the process which forms an 
amorphous substance or the semi-conductor thin film of polycrystal on said substrate and an 
alignment key, The process which irradiates strong light or a laser beam and said semi-conductor 
thin film is made to crystallize, and the process which forms a gate electrode layer on said semi- 
conductor thin film are included. Said alignment key It is characterized by being used in the 
photograph process for consisting of matter with the heat conductivity higher than said semi- 
conductor thin film, etching said a part of gate electrode layer at least, and forming the pattern of a 
gate electrode in a predetermined location. 

[0039] Since the semiconductor device which the property of TFT improves as mentioned above, 
and is a high property, and has high-reliability is not only obtained, but an alignment key functions 
as a heat dissipation layer according to the manufacture approach of this semiconductor device, 
improvement in productivity can be aimed at. 

[0040] Moreover, the manufacture approach of the semiconductor device of further others of this 



http ://www4.ipdl .ncipi . go.jp/cgi-bin/tran_web_cgi_ejj e 4/1 /2005 



JI\2002-203861,A [DETAILED DESCRIPTION] 



Page 6 of 27 



invention By irradiating strong light or a laser beam through an exposure mask at the amorphous 
semi-conductor thin film formed on the substrate The process which forms an alignment key while 
making it crystallize after quantity of light distribution has arisen, and the process which forms a 
gate electrode layer on said semi-conductor thin film are included. Said alignment key It is formed of 
the difference of a color with the polycrystalline silicon field and amorphous silicon field which are 
produced in a semi-conductor thin film when said exposure mask intercepts a part of transmitted 
light. It is characterized by being used in the photograph process for etching said a part of gate 
electrode layer, and forming the pattern of a gate electrode in a predetermined location at least. 
[0041] According to the manufacture approach of this semiconductor device, according to quantity 
of light distribution, temperature distribution arise in a semi-conductor thin film by making the 
quantity of light irradiated by the semi-conductor thin film produce distribution. Thereby, 
solidification and crystallization start the fused semi-conductor thin film from a part with the lowest 
temperature, i.e., the part which had least exposure quantity of light. And a crystal grows towards the 
part which had much exposure quantity of light, and the large crystal of particle size is obtained, or 
[ that the defect to which the diameter of crystal grain mainly exists in the grain boundary since it is 
large compared with the former will decrease if TFT is manufactured using this semi-conductor thin 
film ] - or - since it is lost and the properties of TFT including mobility improve - a high property - 
- and the semiconductor device which has high-reliability can be obtained. Just refer to the 
manufacture approach of the above-mentioned semi-conductor thin film for the method of producing 
said quantity of light distribution. 

[0042] Furthermore, since an alignment key is formed in a semi-conductor thin film, a gate electrode 
can be formed using this alignment key, and TFT can be formed in a desired location to the diameter 
crystal of a large drop. Therefore, since a part of TFT or TFT structure can be formed in the location 
of the diameter crystal of a large drop, the problem of dispersion in the TFT property produced 
conventionally is mitigable. 

[0043] An alignment key can be formed by irradiating the field of the semi-conductor thin film 
corresponding to the key pattern formed in the exposure mask, considering as a polycrystal field, and 
considering as an amorphous field by intercepting the exposure light of the perimeter with an 
exposure mask. Or it is also possible to form an exposure mask so that an amorphous field is formed 
as a non-irradiating part, the perimeter may be irradiated and a polycrystal field may be formed only 
in the part corresponding to a key pattern. As for an amorphous field and a polycrystal field, it is 
desirable to be formed in the same layer of a semi-conductor thin film. 

[0044] Moreover, the manufacture approach of the semiconductor device of further others of this 
invention The process which forms a gate electrode and an alignment key in the part on a substrate, 
The process which forms an amorphous substance or the semi-conductor thin film of polycrystal on 
said gate electrode and an alignment key, It is characterized by including the process which forms in 
the predetermined location on said semi-conductor thin film the heat dissipation layer which consists 
of matter with thermal conductivity higher than said semi-conductor thin film, and the process which 
irradiate strong light or a laser beam and said semi-conductor thin film is made to crystallize using 
said alignment key. 

[0045] Since the diameter crystal of a large drop can be formed by forming a heat dissipation layer 
using an alignment key according to the location of a gate electrode according to the manufacture 
approach of this semiconductor device, alignment of the diameter crystal of a large drop and TFT 
can be performed with a sufficient precision. Therefore, as mentioned above, the property of TFT 
improves, and the semiconductor device which is a high property and has high-reliability is obtained. 

[0046] In order to . attain the above-mentioned purpose, (Semiconductor device) The semiconductor 
device of this invention It has the thin film transistor which has the semi-conductor layer of 
polycrystal. In said semi-conductor layer A channel field, It has the high concentration impurity 
range located in the both sides of this channel field, and the offset field which is located between 
said channel field and a high concentration impurity range, and does not contain a LDD field or an 
impurity with high impurity concentration lower than said high concentration impurity range. One 
particle size of the crystals with which at least a part exists in said LDD field or an offset field is 
characterized by being larger than the particle size of other crystals. Here, the diameter of crystal 
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grain is the value which measured the diameter of the longest in the direction of the arbitration of 
plane view. 

[0047] When a current flows [ TFT which constitutes a semiconductor device ] by the ON state, the 
carrier which has moved in the channel field at high speed may collide with the defect of a crystal 
etc., and it may be scattered about. This is called hot carrier phenomenon. If the scattered carriers 
collide with weak coupling, such as nearby Si-H, they will cut association and will form the dangling 
bond of Si. If a dangling bond is made, since other carriers will be captured, electrical conductivity 
and mobility fall extremely and a TFT property deteriorates. 

[0048] The defect of a crystal and association of Si-H will lead to degradation of a property, and the 
fall of dependability, if it exists near the grain boundary intensively and the grain boundary exists in 
the LDD field or offset field by the side of a drain mostly especially. 

[0049] Then, by making larger than the particle size of other crystals one particle size of the crystals 
with which at least a part exists in a LDD field or an offset field, the grain boundary which exists in 
this field can be reduced compared with the former, or it can completely lose, and a property and 
dependability can be raised. 

[0050] For example, as shown in drawing 30 (a), particle size of the crystal CI with which some 
crystals exist in the field A which shows a LDD field or an offset field is made larger than the 
particle size of other crystals C2. When the grain boundary B exists slightly in Field A, or as shown 
in drawing 30 (b), particle size of the crystal C3 which includes said field A altogether is made larger 
than other crystals C4, and the case where the grain boundary does not exist at all in Field A 
corresponds. 

[0051] As for other crystals set as the comparison object of particle size, it is desirable that it is what 
exists outside a LDD field or an offset field. That is, it is desirable that one particle size of the 
crystals with which at least a part exists in said LDD field or an offset field is larger than which 
particle size of other crystals (other crystals which exist in a channel field preferably) with which the 
whole exists outside said LDD field or an offset field. 

[0052] Moreover, if many grain boundaries near a boundary with a channel field, the LDD field by 
the side of a drain, or an offset field exist especially, degradation of a property and the fall of 
dependability are more remarkable. Therefore, it is desirable that one particle size of the crystals 
with which at least a part exists in a less than 0.5 -micrometer field a LDD field or offset field side 
including this boundary at least from one side of a boundary with a channel field, a LDD field, or an 
offset field is larger than the particle size of other crystals. As for this field, it is desirable that it is 
less than 0.4 micrometers a LDD field or offset field side including a boundary, and it is more 
desirable that it is less than 0.3 micrometers. 

[0053] It is desirable that one particle size of the crystals with which at least a part exists in the 
above-mentioned field also in this case is larger than which particle size of other crystals (other 
crystals which exist in a channel field preferably) with which the whole exists outside said LDD field 
or an offset field. 

[0054] When this invention persons experimented, between the diameter of crystal grain of 
polycrystalline silicon, and TFT dependability, it became clear that there is a correlation as shown in 
drawing 3 1 . The boundary with the channel field, LDD field, or offset field which constitutes TFT is 
made in agreement with the core of the diameter of crystal grain here. Moreover, by applying the 
electrical potential difference of 5V between source drains, and repeating ON/OFF of 500kHz 1500 
hours and gate voltage about each of TFT which has a LDD field or an offset field, dependability 
conducts drug susceptibility testing for mycobacterium in many switching operation, and expresses it 
with the rate of the mobility after the inspection to the mobility before inspection. 
[0055] If the diameter of crystal grain is 0.6 micrometers or more so that clearly from this drawing, 
in the case of which [ of LDD and offset ], dependability is 75% or more and is good. The 
dependability of TFT is so good that the grain boundary separates from a boundary with a channel 
field, a LDD field, or an offset field, the diameter of crystal grain has desirable 0.8 micrometers or 
more, and its 1 micrometers or more are more desirable. 

[0056] Moreover, it turned out that the grain boundary which exists especially among the grain 
boundaries located in the both sides of said field boundary by subsequent examination near [ said ] 
the field boundary by the side of a LDD field or an offset field has a bad influence on dependability. 
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That is, since electric field are high near [ said ] the field boundary in the LDD field or offset field by 
the side of a drain, if the grain boundary exists in this location, it will become easy for a hot carrier 
to generate it. Moreover, there is a possibility that a semi-conductor layer may be destroyed with a 
grain boundary as the starting point. Consequently, a TFT property deteriorates and the 
dependability at the time of carrying out switching operation long duration or many times falls. 
[0057] Therefore, it is effective to keep away the grain boundary by the side of a LDD field or an 
offset field from said field boundary beyond predetermined distance especially among the grain 
boundaries located in the both sides of said field boundary. Since this distance is equivalent to the 
distance of the one half of the diameter of crystal grain in the above-mentioned experiment, it is 
desirable that it is 0.3 micrometers or more, it is more desirable that it is 0.4 micrometers or more, 
and it is still more desirable that it is 0.5 micrometers or more. Namely, by considering as the 
configuration in which the grain boundary does not exist in less than 0.3 micrometers a LDD field or 
offset field side including this boundary at least from one side of a boundary with a channel field, a 
LDD field, or an offset field Since there are few defects which cause a hot carrier phenomenon in 
this neighborhood, and there will be little weak coupling, such as Si-H, even if a hot carrier occurs 
The dangling bond used as the main factor of property degradation is not generated, but the 
phenomenon which destroys the semi-conductor layer based on the defect stops being able to happen 
further easily. Consequently, degradation of a TFT property can be reduced and improvement in 
dependability can be aimed at. 

[0058] Said field boundary where the grain boundary does not exist should just be a drain side. 
However, since a drain and the source may be changed depending on a semiconductor device, it is 
desirable to make it the grain boundary not exist in said field boundary of the both sides by the side 
of a drain and the source in this case. 

[0059] Moreover, as for the above-mentioned semiconductor device, it is still more desirable that the 
grain boundary does not exist in less than 0.3 micrometers a channel field side from said boundary 
with a channel field, a LDD field, or an offset field. As for this distance, it is more desirable that it is 
less than 0.4 micrometers, and it is still more desirable that it is less than 0.5 micrometers. By this, 
since the grain boundary does not exist not only the predetermined distance less than by the side of 
the LDD field of said field boundary, or an offset field but within the predetermined distance by the 
side of a channel field, mobility can improve and reduction of degradation of a TFT property and 
improvement in dependability can be aimed at more certainly. 

[0060] Other semiconductor devices of this invention are equipped with the thin film transistor 
which has the semi-conductor layer of polycrystal. In said semi-conductor layer Moreover, a channel 
field, It has the high concentration impurity range located in the both sides of this channel field, and 
the offset field which is located between said channel field and a high concentration impurity range, 
and does not contain a LDD field or an impurity with high impurity concentration lower than said 
high concentration impurity range. It is characterized by the grain boundary not existing in said LDD 
field or offset field of one side at least. 

[0061] Since the grain boundary does not exist in the LDD field or offset field by the side of the 
drain with which electric field have a high part according to this semiconductor device, generating of 
a hot carrier can be controlled and reduction of degradation of a TFT property and improvement in 
dependability can be aimed at. 

[0062] Furthermore, when it constitutes so that the grain boundary may not exist in said channel 
field, mobility can improve and reduction of degradation of a TFT property and improvement in 
dependability can be aimed at more certainly. 

[0063] Furthermore, when it constitutes so that the grain boundary may not exist in said high 
concentration impurity range contiguous to said LDD field or an offset field, the contact resistance of 
the source or a drain decreases and the effectiveness that the ON state current of TFT increases 
substantially is acquired. 

[0064] Moreover, the semiconductor device of further others of this invention is equipped with two 
or more thin film transistors which have a common function, and is characterized by 50% or more of 
this whole thin film transistor being a thin film transistor mentioned above (however, below decimal 
point cut-off). As for this rate, it is more desirable that it is 70% or more, and it is still more desirable 
that it is 90% or more. For example, about the liquid crystal display and EL display which are an 
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example of a semiconductor device, when the number of TFT which controls actuation of each pixel 
is 100 pieces, it is desirable that TFT mentioned above is 50 or more pieces. 

[0065] According to this semiconductor device, since predetermined is comparatively equipped with 
the above-mentioned thin film transistor in which reduction of degradation of a TFT property and 
improvement in dependability are possible among two or more thin film transistors above, the stable 
engine performance can be obtained. 

[0066] As for each above-mentioned semiconductor device, it is desirable that the substrate film 
which has insulation is formed between a substrate and said semi-conductor layer, and, as for said 
substrate film, it is desirable that the porous layer whose average aperture is 0.01-2 micrometers is 
included. This aperture can be measured by observation using the electron microscope represented 
by cross-section SEM-TEM. 

[0067] By forming the substrate film containing a porous layer between a substrate and a semi- 
conductor layer, the effectiveness which promotes the crystal growth of a semi-conductor layer is 
acquired. However, if the aperture of a porous layer becomes large, the effectiveness of preventing 
the impurity diffusion from a substrate to a semi-conductor layer will not be enough, and the shift of 
the threshold (Vt) of the gate voltage which changes TFT from OFF to ON when switching operation 
is carried out long duration or many times will be produced. Moreover, if a big hole exists in an 
interface with a channel field or a LDD field, TFT will not function but aggravation of the yield will 
be caused. 

[0068] As for the hole of the above viewpoint to a porous layer, it is desirable that an average 
aperture is 0.01-2 micrometers, and it is more desirable that it is 0.05-0.1 micrometers. The 
effectiveness of the particle-size expansion in a semi-conductor layer is not only acquired by this, but 
the percent defective of TFT can fall and it can prevent further the shift of the threshold (Vt) of the 
gate voltage which changes TFT from OFF to ON when switching operation is carried out a long 
time or many times. 

[0069] Moreover, as for the substrate film which has the insulation formed between said substrates 
and said semi-conductor layers, it is also desirable to constitute so that a layer more precise than the 
porous layer whose average aperture is 0.01-2 micrometers, and this porous layer formed on this 
porous layer may be included. 

[0070] According to this semiconductor device, the effectiveness of preventing impurity diffusion 
can be acquired by the precise layer which constitutes the substrate film, the percent defective of 
TFT can fall, and the shift of the threshold (Vt) of the gate voltage which changes TFT from OFF to 
ON when switching operation is carried out a long time or many times can be prevented. Moreover, 
the effectiveness which promotes the crystal growth of a semi-conductor layer is acquired by the 
porous layer which constitutes the substrate film. 

[0071] Moreover, the semiconductor device of further others of this invention is characterized by 

being formed near the pattern of a predetermined configuration with which a thin film transistor 

consists of matter with thermal conductivity higher than said semi-conductor layer. 

[0072] According to this semiconductor device, it becomes easy to form the crystal of the diameter 

of a large drop in this semi-conductor layer with the pattern of the predetermined configuration 

which consists of matter with thermal conductivity higher than a semi-conductor layer. 

[0073] As for said pattern, being formed between a substrate and a semi-conductor layer is desirable, 

and it is more desirable to be covered with the substrate film which has the insulation formed 

between the substrate and the semi-conductor layer. By this, in case a semiconductor device is 

manufactured, the effectiveness that it is available as an alignment key in a photograph process 

produces this pattern. 

[0074] The substrate film can be constituted from the 1st substrate film (top substrate film) and the 
2nd substrate film (bottom substrate film), and may form said pattern between the 1st substrate film 
and the 2nd substrate film. In this case, it is desirable to make thickness of the 1st substrate film 
thinner than the thickness of the 2nd substrate film so that thermal conductivity may be made good 
and the crystal of the diameter of a large drop may be obtained more. Moreover, as for said pattern, 
consisting of a metal membrane is desirable, and it can prepare it near the drain field of a semi- 
conductor layer, a channel field, or the source field. 

[0075] The semiconductor device with which the large crystal of particle size exists in the semi- 
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conductor thin film of the pattern circumference rather than the crystal of other parts can be 
obtained. A pattern can be prepared in contact with a semi-conductor thin film. Moreover, the 
diameter of crystal grain of a semi-conductor thin film located in right above [ pattern ] or directly 
under can obtain a semiconductor device smaller than the diameter of crystal grain of the semi- 
conductor thin film of the pattern circumference. 

[0076] The above semiconductor device can be manufactured by the manufacture approach of the 
semiconductor device mentioned above, for example. Moreover, for example, a semiconductor 
device as shown below can be manufactured by the manufacture approach of the semiconductor 
device mentioned above. 

It has the thin film transistor by which the semi-conductor layer was formed on the substrate. In said 
semi-conductor layer - A channel field, It is located between the high concentration impurity range 
located in the both sides of this channel field, and said channel field and a high concentration 
impurity range. It has the offset field which does not contain a LDD field or an impurity with high 
impurity concentration lower than said high concentration impurity range. The diameter of crystal 
grain near the boundary with a channel field, a LDD field, or an offset field It has the thin film 
transistor by which the semi-conductor layer was formed on the semiconductor device and the 
substrate characterized by being larger than the diameter of crystal grain of other fields. In said semi- 
conductor layer A channel field, It has the high concentration impurity range located in the both 
sides of this channel field. The diameter of crystal grain near the boundary of a channel field and a 
high concentration impurity range It has the thin film transistor by which the semi-conductor layer 
was formed on the semiconductor device and the substrate characterized by being larger than the 
diameter of crystal grain of other fields. In said semi-conductor layer A channel field, It is located 
between the high concentration impurity range located in the both sides of this channel field, and 
said channel field and a high concentration impurity range. It has the offset field which does not 
contain a LDD field or an impurity with high impurity concentration lower than said high 
concentration impurity range. [ whether the diameters of crystal grain of the diameter of crystal grain 
of a source field, a LDD field, or an offset field differ, and ] Or the diameter of crystal grain of a 
source field differs from the diameter of crystal grain of a drain field. It has the thin film transistor by 
which the semi-conductor layer was formed on the semiconductor device and the substrate. (For 
example, the diameter of crystal grain of a drain field is smaller than the diameter of crystal grain of 
a source field) The semiconductor device with which one grain boundary exists in one channel field 
of a semi-conductor layer, and the semiconductor device of further others of this invention are 
characterized by having the semi-conductor layer which said thin film transistor becomes from the 
semi-conductor thin film of polycrystal, and the pattern of a predetermined configuration with which 
it consists of an amorphous semi-conductor thin film. 

[0077] According to this semiconductor device, in case it manufactures, the effectiveness that it is 
available as an alignment key in a photograph process produces the pattern of a predetermined 
configuration. As for the semi-conductor thin film of polycrystal, and an amorphous semi-conductor 
thin film, it is desirable to constitute the same layer. 

[0078] Moreover, each semiconductor device mentioned above can be used as displays with which 
each pixel operates, such as a liquid crystal display and EL display, by supplying an electrical 
potential difference through the semiconductor device containing two or more thin film transistors. 
In this case, a life until the point defect and line defect of an image appear can be improved, the 
uniformity of definition and screen intensity can be raised, and the yield and dependability can be 
raised. Using TFT, EL display is produced using TFT which mentioned above the pixel and drive 
circuit of EL, can be driven and displayed and includes the both sides of an inorganic EL display and 
an organic electroluminescence display. 
[0079] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about the gestalt of 
operation of this invention. 
[0080] (Gestalt 1 of operation) 

(Semi-conductor thin film) The manufacture approach of a semi-conductor thin film is explained 
first. The manufacture approach in this operation gestalt and the following operation gestalten is 
explained centering on the silicon (Si) generally used now, although it can carry out similarly about 
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semi-conductor thin films, such as GaAs, germanium, SiGe, and SiGeC. 

[0081] As shown in drawing 1 , on a substrate 1, it is the purpose which prevents diffusion of the 
impurity from a substrate 1, for example, the Si02 substrate film 2 of 300nm of thickness is formed 
with a TEOS-CVD method. In addition, not only 300nm but various setup is possible for the 
thickness of this substrate film 2. Although glass was used with the gestalt of this operation as a 
substrate 1, it is also possible to use plastics and a film. A silicon nitride film etc. can be used as 
substrate film 2. If the thickness of Si02 film and a silicon nitride film is 200nm or more, it is 
satisfactory. When thickness is less than 200nm, the impurity from a glass substrate 1 is spread in the 
silicon layer 9, and there is a possibility that problems, such as Vt shift of a TFT property, may 
occur. 

[0082] Next, the amorphous silicon film 3 is formed on the substrate film 2 by the plasma-CVD 
method. In addition, a reduced pressure CVD method and a spatter may be used in membrane 
formation of this amorphous silicon film 3. As for the thickness of the amorphous silicon film 3, it is 
desirable to usually be referred to as 30nm - 90nm. With the gestalt of this operation, it could be 
50nm. 

[0083] Subsequently, in order to remove the hydrogen in the produced amorphous silicon film 3, 
heat treatment of 1 hour is performed at 450 degrees C as a dehydrogenation process. In addition, 
dehydrogenation treatment is not required when the approach by which hydrogen is not contained in 
the amorphous silicon film 3 like a spatter, or the membrane formation approach with few amounts 
of hydrogen to contain is used. 

[0084] Next, as shown in drawin g 2 , the laser annealer (ELA equipment) 6 performs a preliminary 
exposure. With the gestalt of this operation, the laser beam was irradiated 10 times (ten pulses) to 
one place, moving the substrate on a stage (not shown) using a XeCl pulse laser (wavelength of 
308nm). In addition, you may irradiate instead of moving a substrate, fixing a substrate and moving 
the optical system of a laser beam. 

[0085] Since the laser used for crystallization is excellent in absorption efficiency, it is so desirable 
that short laser 500nm or less is required and wavelength turns into short wavelength more, since it is 
absorbed to the silicon film and it is necessary to generate heat. Although the crystallization process 
was performed in this invention using XeCl excimer laser (wavelength of 308nm), excimer lasers, Ar 
laser, etc., such as ArF and KrF, may be [ that wavelength should just be laser 500nm or less ] used. 
Moreover, although explained using the pulse laser, the laser of continuous oscillation (CW) may be 
used. In this case, what is necessary is just to make the pulse number under following explanation 
correspond to irradiation time. 

[0086] When irradiating a laser beam 7 to the amorphous silicon film 3, by irradiating with two or 
more about 160 mJ/cm energy density in a room temperature, crystallization takes place and the 
polycrystalline silicon film 1 1 is formed one by one to the direction indicated by the arrow. Although 
to ask for exposure area is required in order to compute energy density, in this specification, 
distribution of laser reinforcement is measured and area of the field which connected the location 
used as 1/2 of the reinforcement of the highest reinforcement, and was surrounded is made into 
exposure area. 

[0087] At this preliminary exposure process, the amorphous silicon film 3 is crystallized using laser 
reinforcement with 170 - 280 mJ/cm2 comparatively weaker, for example since it is hard to produce 
a crystal defect at the process in which the high polycrystalline silicon film 1 1 of especially 
membraneous quality is not required for, and the one where particle size is conversely finer forms 
the next diameter silicon film of a large drop. With this operation gestalt, it irradiated by 250 mJ/cm2 
and particle size as shown in drawing 3 obtained the polycrystalline silicon film 1 1 30nm or less. 
[0088] Next, using the mask for pattern formation, as shown in drawing 8 R> 8 (a), the heat 
dissipation layer 4 and the alignment key 5 are formed on the polycrystalline silicon film 1 1 . With 
this operation gestalt, although membranes were formed by vacuum evaporationo, means, such as a 
spatter, are applicable. 

[0089] The heat dissipation layer 4 is the matter with thermal conductivity higher than the 
polycrystalline silicon film 11, and almost all metal or its alloys, such as aluminum, Ti, nickel, Cr, 
Ti, Mo, W, Cu, Au, Ag, Pt, Ta, and In, are suitable. Moreover, as long as thermal conductivity is 
high, you may be metallic oxides, such as ITO (InTiO). About this, it is the same also in the 
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following operation gestalten. With this operation gestalt, the heat dissipation layer 4 and the 
alignment key 5 were formed with the molybdenum tungsten alloy (MoW). Moreover, although the 
configuration of this heat dissipation layer 4 was made into the shape of a rectangle in plane view in 
this operation gestalt, it can also be made into the shape of the shape of the shape of a triangle, and a 
circle, and an ellipse etc. 

[0090] Subsequently, again, using a laser annealer (ELA equipment), as shown in drawing 5 (a), this 
exposure process is performed. The minimum of the exposure reinforcement of the laser beam 7 in 
this exposure process is a bigger value than the exposure reinforcement of the preliminary exposure 
process mentioned above. Moreover, the upper limit of exposure reinforcement is a value until 
deterioration and evaporation of the polycrystalline silicon layer 1 1 begin. The range on the strength 
of a laser beam 7 is 420 mJ/cm2 from 280 mJ/cm2, and, specifically, was made into 380 mJ/cm2 
with the gestalt of this operation. Furthermore, this upper limit and lower limit have the desirable 
range which it is desirable that it is proportional to the thickness of the silicon film 3 mostly, it 
makes El a laser beam consistency (mJ/cm2) on the strength by making Ta into the thickness (nm) of 
the silicon film 3, and fills the relation of 3.78Ta+138 <=EK=4.54Ta+153. 
[0091] Since exposure reinforcement is stabilized and the diameter of crystal grain and 
membraneous quality become homogeneity so that it increases, the property at the time of forming 
TFT behind is stabilized by one count of an exposure of a laser beam 7. On the other hand, an 
exposure takes time amount and productivity gets worse. Therefore, the desirable count of an 
exposure per place from such a viewpoint is about 30 times from 10 times. In this operation gestalt, 
it carried out to one place 20 times, moving a substrate in a suitable pitch. In addition, if one count of 
an exposure is made into 1 00 times or more, as compared with 20 times of cases, the mobility at the 
time of manufacturing TFT will improve by about 1.5 times. 

[0092] According to this exposure process of this, the silicon film 1 1 which became polycrystal at 
the preliminary exposure process is fused again. In order that heat may move in the direction of an 
arrow head 12 near the heat dissipation layer 4 in the fused silicon film 1 1 towards the heat 
dissipation layer 4 with thermal conductivity higher than the silicon film 1 1, it is cooled quickly. 
Since this cooling rate becomes slow as it keeps away from the heat dissipation layer 4, as shown in 
drawing 5 (b), it is the part which a temperature gradient produces near the heat dissipation layer 4 
after the predetermined passage of time, and this temperature gradient produces, and crystallization 
is performed towards an elevated-temperature side from a low temperature side. Consequently, as 
shown in drawing 6 , the diameter crystal 14 of a large drop with a large particle size is formed in the 
silicon film [ / near the heat dissipation layer 4 ] 1 1 , and the diameter crystal 1 5 of a granule with a 
particle size smaller than it is formed in the part which is separated from the heat dissipation layer 4. 
Moreover, since the heat dissipation layer 4 serves as a mask and is not irradiated, melting of the 
lower part field 13 of the heat dissipation layer 4 is not carried out, but it is maintained with the 
condition of having crystallized at the preliminary exposure process. 

[0093] The flat-surface configuration of the diameter crystal 14 of a large drop is shown in drawing 
7 . The particle size a of the direction where the die-length direction, i.e., a temperature gradient, 
produced this diameter of crystal grain when measured with the atomic force microscope (AFM) and 
the transmission electron microscope (TEM) was 1 micrometer, and the particle size b of the cross 
direction, i.e., the direction which intersects perpendicularly in the die-length direction on a flat 
surface, was 0.5 micrometers. The maximum distance between the grain boundaries in each direction 
shows this particle size. Moreover, there was no big defect in a grain. When the diameter of crystal 
grain was similarly investigated about the diameter crystal 1 5 of a granule in the circumference of 
the diameter crystal 14 of a large drop, particle size was lOOnm or less, and it was comparable as the 
particle size of the polycrystalline silicon film obtained at the conventional exposure process. Thus, 
in this exposure process, it is [ / near the heat dissipation layer 4 (i.e. the location defined 
beforehand) ] possible to enlarge the diameter of crystal grain of the silicon film alternatively, and to 
raise membraneous quality. 

[0094] Next, the removal process of the heat dissipation layer 4 is performed. Since the alignment 
key 5 is formed with the heat dissipation layer 4 on the polycrystalline silicon film 1 1 as shown in 
drawing 8 (a), the protective coats 16, such as a resist, are first applied to the alignment key 5, and 
desiccation solidification is carried out ( drawin g 8 (b)). And dry etching or wet etching is performed 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 4/1/2005 



JP,2002-203861,A [DETAILED DESCRIPTION] 



Page 13 of 27 



and the heat dissipation layer 4 is removed. ( Drawin g 8 (c)) . Finally, exfoliation liquid removes a 
protective coat 16 ( drawing 8 (d)). Thereby, after the alignment key 5 has remained, the heat 
dissipation layer 4 is removed and a semi-conductor thin film is completed. Since many dangling 
bonds are formed, termination of the dangling bond of a silicon atom is carried out to the 
polycrystalline silicon film 11 by the hydrogen atom by leaving it at 450 degrees C for 2 hours in the 
hydrogen plasma. Hydrogen content concentration is about -three 2x1020 atom-cm. 
[0095] In manufacture of the semi-conductor thin film in this operation gestalt, although the 
configuration of the heat dissipation layer 4 is made into the shape of a plane view rectangle, it is 
also desirable to consider as the shape of a plane view triangle. By making the heat dissipation layer 
4 into such a configuration, crystal growth is started from the top-most vertices of the heat 
dissipation layer 4 after this exposure process, and as shown in drawin g 9 , the flat-surface 
configuration of the diameter crystal 14 of a large drop becomes abbreviation sector-like. In this 
case, since the origin of crystal growth becomes clear as a point, in the production process of TFT 
mentioned later, the alignment of the diameter crystal of a large drop and TFT becomes easy. 
[0096] (Semiconductor device) Next, how to manufacture the thin film transistor (TFT) which 
constitutes a semiconductor device is explained. First, as shown in drawing 10 (a), after performing a 
photograph process and an etching process using the alignment key 5 and carrying out patterning to 
the shape of an island to the polycrystalline silicon film 1 1 which has the diameter crystal 14 of a 
large drop using tKe semi-conductor thin film obtained by the manufacture approach mentioned 
above, the gate dielectric film 19 which consists of silicon oxide is formed. The alignment key 5 is 
used also in the following photograph processes for the alignment of a mask. Gate dielectric film 19 
can form the film of Si02 by the plasma CVD which used TEOS, and required thickness is lOOnm. 
As the formation approach, it is also possible to, use reduced pressure CVD, remote plasma CVD, 
ordinary pressure CVD, ECR-CVD, etc. for example. Moreover, high-pressure oxidation, plasma 
oxidation, etc. are possible. 

[0097] Next, as shown in drawing 10 (b), the gate electrode 20 is formed on gate dielectric film 19. 
After the gate electrode 20 forms for example, the molybdenum tungsten alloy film by sputtering, it 
performs a photograph process using the photo mask for gate electrodes, and is formed by carrying 
out patterning to a predetermined configuration by etching. If it considers as the ingredient of a gate 
electrode, aluminum system ingredient which added at least one sort, such as Si, Cu, Ta, Sc, and Zr, 
can also be used for high grades aluminum and aluminum. 

[0098] the mask (not shown) used in a photograph process — the alignment key 5 — alignment ~ 
possible — the gate electrode 20 — the near diameter crystal 14 of a large drop of the polycrystalline 
silicon film 1 1 — in more detail, it forms so that the edge by the side of the drain of the gate electrode 
20 (right-hand side of drawing) may be located in the center of the diameter crystal 14 of a large 
drop. 

[0099] Subsequently, as shown in drawing 10 (c), an ion doping process is performed. First, Lynn is 
poured into the silicon film 1 1 by low concentration by using the gate electrode 20 as a mask with an 
ion doping system. Thereby, the part [ directly under ] of the gate electrode 20 in the silicon film 1 1 
serves as the channel field 22. It is also possible for boron, arsenic, etc. used as an acceptor to be able 
to create P channels and N channel transistor alternatively by using aluminum other than Lynn etc. 
alternatively as a donor, and to build a CMOS circuit on a substrate as an impurity, in addition to 
Lynn. 

[0100] Next, according to a photograph process, after forming a resist pattern in the range of 2 
micrometers from the gate electrode 20 and its both ends, high-concentration Lynn is poured in with 
an ion doping system by using this resist pattern as a mask. Consequently, a high concentration 
impurity range is formed in the part which is not covered with a resist pattern on both sides of the 
channel field 22 in the silicon film 1 1 . This high concentration impurity range turns into the source 
field 24 and the drain field 17, respectively. Moreover, it becomes the LDD fields 18a and 18b where 
high impurity concentration is lower than a high concentration impurity range between the channel 
field 22 and the high concentration impurity ranges 17 and 24. 

[0101] Then, a resist pattern is removed. The poured-in impurity is activated by heat treatment etc. 
About activation of the poured-in ion, since the self-activation by the hydrogen poured into 
coincidence arises, it is also possible not to add a process like annealing, but in order to attain more 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 4/1/2005 



JF&002-203861,A [DETAILED DESCRIPTION] 



Page 14 of 27 



positive activation, local heating may be performed by annealing 400 degrees C or more, a excimer 
laser exposure, RTA (Rapid Thermal Anneal), etc. 

[0102] Next, as shown in drawing 10 (d), the interlayer insulation film 21 which consists of silicon 
oxide is formed to the whole, although the film of Si02 can be formed by the plasma CVD using 
TEOS as an interlayer insulation film 2 1 — other approaches (Atmospheric Pressure CVD), for 
example, AP-CVD, - law LTO (Low Temperature Oxide), ECR-CVD, etc. - Si02 It cannot be 
overemphasized that you may carry out by forming the film. Moreover, it is very good in the 
laminated structure of the thin film which can use silicon nitride, tantalum oxide, an aluminum 
oxide, etc., and consists of these ingredients as an ingredient of an interlayer insulation film 21. 
[0103] And opening of the contact hole which arrives at the source field 24 and the drain field 17 of 
the polycrystalline silicon film 1 1 is carried out to an interlayer insulation film 21 and gate dielectric 
film 19 by etching. Then, sputtering of the titanium film, the aluminum zirconium alloy film, etc. is 
carried out, patterning is carried out to a predetermined configuration by etching, and source 
electrode 23a and drain electrode 23b are formed in this contact hole. You may be Polly Si who may 
use metals or those alloys, such as aluminum (aluminum), a tantalum (Ta), molybdenum (Mo), 
chromium (Cr), and titanium (Ti), and contains an impurity so much as an ingredient of the source 
and the drain electrodes 23a and 23b in addition to the aluminum zirconium alloy film. Or 
transparence conductive layers, such as the Polly SiGe alloy and ITO, etc. may be used. 
[0104] According to the above process, TFT40 of n mold shown in drawing 1 1 (a) is completed. 
What is necessary is just to perform B doping process instead of pouring in Lynn, when the p mold 
TFT is required. 

[0105] Since the gate electrode 20 is formed using the alignment key 5 so that the edge by the side of 
the drain of the gate electrode 20 may be located in the center of the diameter crystal 14 of a large 
drop, as TFT in this operation gestalt shows drawing 1 1 , from the boundary of LDD field 18b by the 
side of a drain, and the channel field 22, a 0.5 - micrometer field (field shown according to the mesh 
line of drawing) is a single crystal, and the grain boundary B does not exist in both sides. Therefore, 
degradation of TFT by hot carrier generation can be prevented, and improvement in dependability 
can be aimed at. Moreover, in manufacture of a semi-conductor thin film, by forming the heat 
dissipation layer 4 also not only near the drain field 1 7 but near the source field 24, the grain 
boundary B can be prevented from existing also near the boundary of LDD field 18a by the side of 
the source of TFT40, and the channel field 22 (it being 0.5 micrometers to both sides), and a 
property and dependability can be raised more by this. 

[0106] When the mobility of TFT40 in this operation gestalt is measured, it is 180cm2/V-s, and 
compared with the mobility of the conventional TFT obtained using the semi-conductor thin film 
manufactured without forming the heat dissipation layer 4 being 100cm2/V-s, it improved sharply. 
Moreover, when the reliability trial in many switching operation was performed by applying the 
electrical potential difference of 5V between source drains, and repeating 500kHzON of 1500 hours 
and gate voltage, and OFF, to mobility having fallen from initial value to about 50%, by TFT40 of 
this operation gestalt, mobility is 85% or more of initial value, and degradation by switching 
decreased at the above-mentioned conventional TFT. This reliability trial was performed on the same 
conditions also in the following operation gestalten. 

[0107] (Liquid crystal display) Next, the liquid crystal display using TFT obtained by the approach 
mentioned above is explained. As shown in drawing 12 , this liquid crystal display 50 has the TFT 
array substrate 1 and the opposite substrate 3 1 which have been arranged so that it may counter 
mutually. 

[0108] Alignment arrangement of two or more TFT40 is carried out at the shape of a matrix, and, as 
for the TFT array substrate 1 , the drive circuits 42 and 44 are formed around TFT40 at the top-face 
side (opposite substrate 31 side). Moreover, the opposite substrate 31 is a glass substrate (for 
example, lot number 1737 of Corning, Inc.) which is an insulating substrate, and the color filter 32 
and the transparent electrode 33 are formed in the inferior- surface-of- tongue side (TFT array 
substrate 1 side). Between the TFT array substrate 1 and the opposite substrate 31, it has the liquid 
crystal section 35 by which liquid crystal was enclosed among orientation film, such as polyimide. 
Furthermore, with the field where the TFT array substrate 1 and the opposite substrate 3 1 counter, 
polarizing plates 37 and 39 are stuck on the field of the opposite side, respectively. 
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[0109] One of the pixel fields 56 in the TFT array substrate mentioned above is expanded to drawing 
13 , and it is shown. On the TFT array substrate, the scanning line 52 and the data line 54 are 
arranged in the shape of a matrix, and TFT40 is arranged near each intersection. Source electrode 
23a of TFT40 is connected to the data line 54, and drain electrode 23b is connected to the pixel 
electrode 58 which is a transparent electrode. Moreover, the gate electrode 20 is connected to the 
scanning line 52. 

[0110] Thus, by reduction of a raise in the property of a TFT array, and degradation, the percent 
defective of the drive circuit of a liquid crystal display decreased, and, as for the constituted liquid 
crystal display 50, faults, such as screen intensity nonuniformity, decreased. To the percent defective 
of the drive circuit in the liquid crystal display using the above-mentioned conventional TFT having 
been 15%, in the liquid crystal display 50 of this operation gestalt, the percent defective decreased to 
7%, and, specifically, it decreased to 3% with the liquid crystal display 50 of this operation gestalt to 
the screen intensity nonuniformity percent defective having been 7% conventionally. 
[0111] (EL display) Next, EL display using TFT obtained by the approach mentioned above is 
explained. This EL display is equipped with the TFT array substrate, and, as for the TFT array 
substrate, TFT for switching, TFT for a drive, and an EL element are arranged to each pixel field. 
[0112] EL element 60 is formed by carrying out the laminating of the cathode 64, such as the anode 
plate 61 which consists of transparent electrodes, such as ITO, a luminous layer 62, the hole- 
injection layer 63, and AlLi, on the polycrystalline silicon film 1 1, as shown in drawing 14 . The 
aluminum quinolinol complex layer 65 is formed in the inferior-surface-of-tongue side (substrate 1 
side) of cathode 64. Between each anode plate 61, it is buried by the resin black resist and the optical 
filter layer 66 is formed of the photolithography. A luminous layer 62 is formed by carrying out 
patterning spreading of the luminescent material of red, green, and blue for example, using an ink jet 
printing equipment. Moreover, the hole-injection layer 63 is formed by carrying out vacuum 
deposition of the polyvinyl carbazole. 

[01 13] As an ingredient of EL element 60, although the poly dialkyl fluorene derivative was used 
with this operation gestalt, other organic materials, for example, other poly fluorene system 
ingredients and the ingredient of a polyphenyl vinylene system, are sufficient, and an inorganic 
material is also usable. Moreover, the manufacture approach of EL element 60 should just opt for the 
methods of application, such as a spin coat, vacuum evaporationo, the regurgitation formation by the 
ink jet, etc. suitably according to the material of construction. 

[0114] The circuit diagram of this EL display is shown in drawing 15 . The gate electrode of TFT71 
for switching is connected to the gate signal line 72, the drain electrode is connected to the drain 
signal line 73, and the source electrode is connected to the gate electrode of TFT74 for a drive. 
Moreover, the source electrode of TFT74 for a drive is connected to the anode plate of EL element 
60, and the drain electrode is connected to the power-source line 76. A sign 75 is a capacitor. 
[01 15] If the pulse signal given to the gate signal line 72 by the drive circuit 77 is impressed to the 
gate electrode of TFT71 for switching, TFT71 for switching will be in ON condition, and the drain 
signal given to the drain signal line 73 by the drive circuit 78 will be given to the gate electrode of 
TFT74 for a drive. By this, TFT74 for a drive will be in ON condition, a current is supplied to EL 
element 60 from the power-source line 76, and EL element 60 emits light. 

[0116] Thus, as for constituted EL display, the fault of screen intensity nonuniformity or poor image 
quality decreased by reduction of a raise in the property of a TFT array, and degradation. When the 
conventional TFT was used, specifically, it decreased to 2% with EL display of this operation gestalt 
to the screen intensity nonuniformity percent defective having been 8%. Moreover, although TFT 
property degradation at the time of performing long duration or many switching had become poor 
image quality, it decreased from 15% of the conventional percent defectives to 5%. 
[0117] (Gestalt 2 of operation) Next, the gestalt 2 of operation of this invention is explained. In this 
operation gestalt and the following operation gestalten, the sign same all over drawing is given to 
what has the same function as the component explained with the gestalt 1 of operation, and 
explanation of a repeat is omitted about the contents which overlap the gestalt 1 of operation. 
[0118] The manufacture approach of the semi-conductor thin film in the gestalt 2 of operation 
changes the count of an exposure of the laser beam 7 in this exposure process in the manufacture 
approach of the semi-conductor thin film in the gestalt 1 of operation. That is, in this operation 
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gestalt, all substrate sides were irradiated once (one pulse) to the predetermined range on a substrate 
by the laser beam operated orthopedically possible [ an exposure ] at once to carrying out the count 
exposure of plurality of the laser beam 7 to the predetermined range on a substrate in the gestalt 1 of 
operation. The desirable range on the strength of a laser beam 7 presupposed that it is the same as 
that of the gestalt 1 of operation. 

[0119] In this way, when the particle size of the diameter crystal 14 of a large drop of the obtained 
semi-conductor thin film was measured with the atomic force microscope (AFM) and the 
transmission electron microscope (TEM), in plane view, the particle size a of the die-length direction 
was 1.6 micrometers, and the crosswise particle size b was 0.5 micrometers (refer to drawing 6 and 
drawing 7 ). Moreover, there was no big defect in a grain. Thus, it is also desirable to irradiate only 
one pulse in this exposure process one on a substrate from a viewpoint that the diameter of crystal 
grain obtains a larger silicon thin film. 

[0120] The semiconductor device, the liquid crystal display, and EL display were manufactured like 
the gestalt 1 of operation using this semi-conductor thin film. In manufacture of TFT which 
constitutes a semiconductor device, since the particle size of the diameter crystal of a large drop is 
1 .6 micrometers, the edge by the side of the drain of a gate electrode performs alignment of the mask 
by the alignment key so that it may be located in 0.8 micrometers from the center of the diameter 
crystal of a large drop, i.e., the grain boundary. Consequently, a 0.8 -micrometer field serves as a 
single crystal from the boundary of LDD field 18b by the side of a drain, and the channel field 22 at 
both sides, and it will be in the condition that the grain boundary does not exist. 
[0121] In this wayj the mobility after 180cm2/V-s and drug susceptibility testing for mycobacterium 
was 95% or more of initial value, and obtained TFT had [ all ] good mobility compared with the 
conventional TFT. Moreover, 3%, the screen intensity nonuniformity percent defective was 0.8%, 
and all had the percent defective of a drive circuit good about the liquid crystal display, compared 
with the conventional liquid crystal display. Moreover, about EL display, the screen intensity 
nonuniformity percent defective was 1 %, the image quality percent defective was 2%, and all were 
good compared with the conventional EL display. 

[0122] (Gestalt 3 of operation) Next, the gestalt 3 of operation of this invention is explained. In the 
manufacture approach of the semi-conductor thin film in the gestalt 1 of operation, the manufacture 
approach of the semi-conductor thin film in the gestalt 3 of operation performs the process which 
forms said heat dissipation layer 4 and the alignment key 5, without performing a preliminary 
exposure process, and performs further the process which forms this heat dissipation layer 4 and the 
alignment key 5 by lift off. 

[0123] That is, the wrap resist pattern R is formed except the part used as a heat dissipation layer and 
an alignment key by the resist by the photolithography on the amorphous silicon film 3 which 
performed dehydrogenation treatment ( drawing 16 (a)). Subsequently, after forming the MoW film 
M by vacuum evaporationo ( drawing 16 (b)), the heat dissipation layer 4 and the alignment key 5 
are formed by removing the MoW film M on Resist R and a resist with resist exfoliation liquid 
( drawing 16 (c)). 

[0124] Next, this exposure process is performed and the poly crystalline silicon film is formed. As for 
the range on the strength of the laser beam 7 in this exposure process of this, it was desirable that it 
was the same as this exposure process in the gestalt 1 of operation, and it made it 380 mJ/cm2 with 
this operation gestalt. Moreover, the count of an exposure to one on a substrate was made into 8 
times (eight pulses). Thereby, the diameter crystal of a large drop is formed in the perimeter of the 
heat dissipation layer 4 (refer to drawin g 6 ). After this, the heat dissipation layer 4 is removed like 
the gestalt 1 of operation. 

[0125] In this operation gestalt, since the preliminary exposure process is not performed like the 
gestalt 1 of operation, the lower part field of the part in which the heat dissipation layer 4 was 
formed serves as amorphous silicon. Therefore, in order to crystallize this field, a laser annealer 
(ELA equipment) performs an addition exposure process. Since the high thing of especially 
membraneous quality is not required, the reinforcement of the laser beam in an addition exposure 
process is smaller than the laser beam reinforcement in this exposure process in the field in which 
the heat dissipation layer 4 was formed, and it is enough for it. Moreover, if the laser beam of not 
much strong reinforcement is irradiated, since a defect will be produced into the silicon crystal 14 of 
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the diameter of a large drop formed in this exposure process, it is not desirable. Therefore, the same 
range as the preliminary exposure process in the gestalt 1 of operation of laser beam reinforcement 
was desirable, and made it 250 mJ/cm2 with this operation gestalt. Moreover, the count of an 
exposure to one on a substrate was made into 10 times. In addition, various setup is possible for this 
count of an exposure. Of this, the polycrystalline silicon of the diameter of a granule 30nm or less is 
formed in the field in which the heat dissipation layer 4 was formed for particle size. 
[0126] In this way, when the particle size of the diameter silicon crystal 14 of a large drop of the 
obtained semi-conductor thin film was measured with the atomic force microscope (AFM) and the 
transmission electron microscope (TEM), it was about 2 micrometers. Moreover, there was no big 
defect in a grain. Furthermore, when dispersion in particle size was investigated about 100 diameter 
crystals 14 of a large drop, it was 2micrometer**0.4micrometer, and compared with the case where 
it irradiates by the single pulse being 1.6micrometer**0.8micrometer, there was little dispersion 
instead of irradiating a laser beam by two or more pulses in this exposure process of the gestalt 1 of 
operation. 

[0127] The semiconductor device, the liquid crystal display, and EL display were manufactured like 
the gestalt 1 of operation using this semi-conductor thin film. In manufacture of TFT which 
constitutes the semiconductor device of this operation gestalt, an offset field is formed as follows in 
the ion doping process of the gestalt 1 of operation instead of forming a LDD field. First, the pattern 
of a resist is formed on 2 micrometers from the gate electrode 20 and its both ends with 
photolithography. Next, with an ion doping system, high-concentration Lynn is poured in by using 
said resist as a mask. Consequently, as shown in drawin g 17 , the lower part of the gate metal 20 
serves as the channel field 22, and, as for a 2-micrometer field, the offset fields 18c and 18d are 
formed from the both ends of the channel field 22. Moreover, a high concentration impurity range is 
formed in the part which is not covered with a resist pattern. This high concentration impurity range 
turns into the source field 24 and the drain field 17, respectively. The rest manufactures a 
semiconductor device like the gestalt 1 of operation. 

[0128] Moreover, since the particle size of the diameter crystal of a large drop is 2 micrometers, the 
edge by the side of the drain of the gate electrode 20 performs alignment of the mask by the 
alignment key 5 so that it may be located in 1 micrometer from the center of the diameter crystal of a 
large drop, i.e., a grain boundary. Consequently, from a boundary with 18d of offset fields by the 
side of a drain, and the channel field 22, a 1 -micrometer field is a single crystal and it becomes both 
sides with TFT in which the grain boundary does not exist. 

[0129] In this way, obtained TFT had [ those of initial value with 95% or more, and all ] good 
mobility compared with TFT of the former [ mobility / after 200cm2/V-s and drug susceptibility 
testing for mycobacterium ]. Moreover, 2.5%, the screen intensity nonuniformity percent defective 
was 0.6%, and all had the percent defective of a drive circuit good about the liquid crystal display, 
compared with the conventional liquid crystal display. Moreover, about EL display, the screen 
intensity nonuniformity percent defective was 0.7%, the image quality percent defective was 1.2%, 
and all were good compared with the conventional EL display. 

[0130] (Gestalt 4 of operation) Next, the gestalt 4 of operation of this invention is explained. The 
manufacture approach of the semi-conductor thin film in the gestalt 4 of operation performs the 
process which forms said heat dissipation layer 4 and the alignment key 5 like the manufacture 
approach of the semi-conductor thin film in the gestalt 3 of operation, without performing a 
preliminary exposure process, and performs further the process which forms this heat dissipation 
layer 4 and the alignment key 5 according to a photograph process and an etching process. 
[0131] That is, on the amorphous silicon film 3 which performed dehydrogenation treatment, by 
vacuum evaporationo or sputtering, thermal conductivity is higher than the silicon film, and the 
InTiO (ITO) film is formed as matter which penetrates a laser beam. Subsequently, the heat 
dissipation layer 4 and the alignment key 5 which consist of an ITO pattern of a predetermined 
configuration are formed according to a photograph process and an etching process (refer to drawin g 

[0132] Next, this exposure process is performed and the polycrystalline silicon film is formed. In this 
operation gestalt, reinforcement of a laser beam 7 was made into 360 mJ/cm2, and the count of an 
exposure to one on a substrate was made into 300 times (300 pulses). Thereby, the diameter crystal 
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14 of a large drop is formed in the perimeter of the heat dissipation layer 4 (refer to drawing 6 and 
drawin g 7 ). After this, the heat dissipation layer 4 is removed like the gestalt 1 of operation. 
[0133] In this operation gestalt, although the preliminary exposure process as well as the gestalt 3 of 
operation is not performed, since the heat dissipation layer 4 is formed of ITO which is the matter 
which has light transmission nature, the silicon film of heat dissipation layer 4 lower part is also 
crystallized by this exposure process. Therefore, an addition exposure process is not needed like the 
gestalt 3 of operation, but shortening of a production process can be attained. 
[0134] In this way, when the particle size of the diameter crystal 14 of a large drop of the obtained 
semi-conductor thin film was measured with the atomic force microscope (AFM) and the 
transmission electron microscope (TEM), the particle size a of the die-length direction was 4 
micrometers, and the crosswise particle size b was 0.5 micrometers (refer to drawing 6 and drawing 
7 ). Moreover, there was no big defect in a grain. Furthermore, when dispersion in particle size was 
investigated about 100 diameter crystals 14 of a large drop, it was 4micrometer**0.4micrometer and 
there was little dispersion in this exposure process of the gestalt 1 of operation compared with the 
case where a laser beam is irradiated by the single pulse being 1.6micrometer**0.8micrometer. 
[0135] The semiconductor device, the liquid crystal display, and EL display were manufactured like 
the gestalt 1 of operation using this semi-conductor thin film. In manufacture of TFT which 
constitutes a semiconductor device, with this operation gestalt, alignment of the mask for gate 
formation by the alignment key 5 was performed so that the gate electrode 20 might be located in the 
center of the diameter crystal 14 of a large drop. That is, since the particle size of the die-length 
direction of the diameter crystal 14 of a large drop was 4 micrometers, it was made for the edge by 
the side of the drain of the gate electrode 20 to be located in 0.8 micrometers from a grain boundary 
by setting source-drain lay length of the gate electrode 20 to 2.5 micrometers. And it was made to 
become the single crystal with which the channel field 22 and the LDD fields 1 8a and 1 8b continued, 
i.e., the condition that the grain boundary does not exist, by setting to 2.5 micrometers channel 
length of a channel field who can set the gate electrode 20 caudad according to this, and setting the 
LDD length of the LDD fields 18a and 18b of channel field 22 both sides to 0.8 micrometers (refer 
to drawing 1 1 ). 

[0136] In this way, the mobility after 320cm2/V-s and drug susceptibility testing for mycobacterium 
was 97% or more of initial value, and obtained TFT had [ all ] good mobility compared with the 
conventional TFT. Moreover, 1.5%, the screen intensity nonuniformity percent defective was 0.4%, 
and all had the percent defective of a drive circuit good about the liquid crystal display, compared 
with the conventional liquid crystal display. Moreover, about EL display, the screen intensity 
nonuniformity percent defective was 0.5%, the image quality percent defective was 1.2%, and all 
were good compared with the conventional EL display. 

[0137] (Gestalt 5 of operation) Next, the gestalt 5 of operation of this invention is explained. In the 
manufacture approach of the semi-conductor thin film in the gestalt 1 of operation, a photograph 
process and an etching process perform the manufacture approach of the semi-conductor thin film in 
the gestalt 5 of operation instead of the vacuum evaporationo using the mask for pattern formation 
performing the heat dissipation layer 4 and the alignment key 5. 

[0138] That is, the MoW film is formed as matter with thermal conductivity higher than the silicon 
film by vacuum evaporationo or sputtering on the polycrystalline silicon film formed of the 
preliminary exposure process, subsequently, the heat dissipation layer 4 which consists of a pattern 
of MoW of a predetermined configuration according to a photograph process and an etching process 
— and it forms alignment key 5 (refer to drawing 8 (a)). Next, this exposure process is performed and 
the polycrystalline silicon film 1 1 is formed. In this operation gestalt, reinforcement of a laser beam 
7 was made into 360 mJ/cm2, and the count of an exposure to one on a substrate was made into 300 
times (300 pulses): Thereby, the diameter crystal 14 of a large drop is formed in the perimeter of the 
heat dissipation layer 4. After this, the heat dissipation layer 4 is removed like the gestalt 1 of 
operation. 

[0139] In this way, when the particle size of the diameter crystal 14 of a large drop of the obtained 
semi-conductor thin film was measured with the atomic force microscope (AFM) and the 
transmission electron microscope (TEM), the particle size a of the die-length direction was 4 
micrometers, and the crosswise particle size b was 0.5 micrometers (refer to drawin g 6 and drawin g 
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7 ). Moreover, there was no big defect in a grain. 

[0140] The semiconductor device, the liquid crystal display, and EL display were manufactured like 
the gestalt 1 of operation using this semi-conductor thin film. In manufacture of TFT which 
constitutes the semiconductor device of this operation gestalt, an offset field is formed like the 
gestalt 3 of operation in the ion doping process of the gestalt 1 of operation instead of forming a 
LDD field (refer to drawing 17 ). 

[0141] With this operation gestalt, alignment of the mask for gate formation by the alignment key 5 
was performed so that the gate electrode 20 might be located in the center of the diameter crystal 14 
of a large drop. That is, since the particle size of the die-length direction of the diameter crystal 14 of 
a large drop was 4 micrometers, it was made for the edge by the side of the drain of the gate 
electrode 20 to be located in 0.8 micrometers from a grain boundary by setting sow sault drain lay 
length of the gate electrode 20 to 2.5 micrometers. And it became the single crystal with which the 
channel field 22 and the offset fields 1 8c and 1 8d continued by setting the die length of the channel 
field 22 of gate electrode 20 lower part to 2.5 micrometers according to this, and setting offset fields 
[ of channel field 22 both sides /18c and 18d ] die length to 0.8 micrometers, and considered as the 
condition that the grain boundary does not exist. 

[0142] In this way, the mobility after 310cm2/V-s and drug susceptibility testing for mycobacterium 
was 97% or more of initial value, and obtained TFT had [ all ] good mobility compared with the 
conventional TFT. Moreover, 2%, the screen intensity nonuniformity percent defective was 0.4%, 
and all had the percent defective of a drive circuit good about the liquid crystal display, compared 
with the conventional liquid crystal display. Moreover, about EL display, the screen intensity 
nonuniformity percent defective was 0.4%, the image quality percent defective was 1%, and all were 
good compared with the conventional EL display. 

[0143] (Gestalt 6 of operation) Next, the gestalt 6 of operation of this invention is explained. The 
manufacture approach of the semi-conductor thin film in the gestalt 6 of operation is characterized 
by forming the hole of the diameter of minute in the substrate film formed on a substrate in the 
gestalt 1 of operation. 

[0144] That is, the silica which uses Si, O, and an organic solvent as a principal component is 
applied on this substrate, rotating a substrate 1 . In this operation gestalt, alcohol (methanol) was used 
as an organic solvent. Subsequently, the substrate film 2 of SiOx including a hole is formed by heat- 
treating this substrate 1 (refer to drawing 1 ). The temperature of heat treatment has 550 degrees C or 
more more desirable 620 degrees C or less, in order to make the curvature of a substrate 1 small, 
while 450 degrees C or more 650 degrees C or less are suitable and making a hole small. 
Temperature of heat treatment was made into 600 degrees C in this operation gestalt. 
[0145] Although the average aperture of a hole was about 10 micrometers when the solidification 
process of a silica was being performed at 400 degrees C like the conventional heat treatment, the 
average aperture of a hole has been improved by 2 micrometers or less by making it solidify at 600 
degrees C. As for this average aperture, it is desirable that it is 0.01-2 micrometers, and it is more 
desirable that it is 0.05-0.1 micrometers. 

[0146] After this, the semi-conductor thin film was manufactured like the gestalt 5 of operation. 
When the particle size of the diameter crystal 14 of a large drop of a semi-conductor thin film was 
measured with the atomic force microscope (AFM) and the transmission electron microscope 
(TEM), the particle size a of the die-length direction was 30 micrometers, and the crosswise particle 
size b was 0.5 micrometers (refer to drawin g 6 and drawing 7 ). Moreover, there was no big defect in 
a grain. The particle size of the diameter crystal 15 of a granule was 200 micrometers or less. 
[0147] The semiconductor device, the liquid crystal display, and EL display were manufactured like 
the gestalt 1 of operation using this semi-conductor thin film. It considers as the photo mask which 
carries out patterning of the polycrystalline silicon layer, and was made for the center of a gate 
electrode to turn into a center of the diameter silicon crystal of a large drop in manufacture of TFT 
which constitutes the semiconductor device of this operation gestalt using the photo mask designed 
so that a channel field, a LDD field, a source field, and a drain field might be formed in the diameter 
silicon crystal 14 of a large drop. Sow sault drain lay length of a gate electrode was set to 4 
micrometers. Thereby, each of 1.5 micrometers, source length, and drain length got [ channel 
length / 4 micrometers and LDD length ] the 10-micrometer n mold TFT. These fields serve as a 
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single crystal with which all continued, and the grain boundary does not exist. 

[0148] In this way, the mobility after 380cm2/V-s and drug susceptibility testing for mycobacterium 
was 97% or more of initial value, and obtained TFT had [ all ] good mobility compared with the 
conventional TFT. Moreover, the average aperture of the hole of the substrate film was 2 
micrometers or less, and since the average aperture of a hole was made quite small compared with 
the substrate film of the conventional porosity, the percent defective fell sharply. 
[0149] About the liquid crystal display, 1.5%, the screen intensity nonuniformity percent defective 
was 0.3%, and all had the good percent defective of a drive circuit compared with the conventional 
liquid crystal display. Moreover, about EL display, the screen intensity nonuniformity percent 
defective was 0.3%, the image quality percent defective was 0.7%, and all were good compared with 
the conventional EL display. 

[0150] (Gestalt 7 of operation) Next, the gestalt 7 of operation of this invention is explained. After 
the manufacture approach of the semi-conductor thin film in the gestalt 7 of operation forms the 
substrate film on a substrate in the gestalt 1 of operation, it is characterized by forming the substrate 
film which has a porous layer further. 

[0151] That is, the Si02 substrate film 2 of 300nm of thickness is formed with a TEOS-CVD method 
on a substrate 1 like the gestalt 1 of operation. Subsequently, a laser beam is irradiated by using the 
silicon substrate for membrane formation as a target by the reinforcement about which silicon 
evaporates, and the silicon film is formed on the substrate film 2 by the laser ablation which makes a 
silicon particle vapor-deposit. A lot of holes exist in the formed silicon film. Next, the formed silicon 
film is oxidized. By generating the plasma in ozone or an oxygen ambient atmosphere, the silicon 
film including the hole formed by laser ablation oxidizes, and it is set to Si02 film 2a (refer to 
drawing 18 ). A lot of holes are included in this Si02 film 2a, and the average aperture of a hole is 1 
micrometer or less. Although the role which prevents that the impurity from the substrates 1, such as 
glass, is spread to a semi-conductor layer becomes inadequate [just substrate film 2a that has a 
hole ], with this operation gestalt, the impurity diffusion from a substrate 1 to a semi-conductor layer 
can be certainly prevented by making it the two-layer structure of the substrate film 2 which consists 
of a precise layer of Si02, and substrate film which consists of porous layer 2a. 
[0152] After this, the semi-conductor thin film was manufactured like the gestalt 5 of operation. 
When the diameter of crystal grain of the diameter crystal 14 of a large drop of a semi-conductor thin 
film was measured with the atomic force microscope (AFM) and the transmission electron 
microscope (TEM), the particle size a of the die-length direction was 30 micrometers, and the 
crosswise particle size b was 0.5 micrometers (refer to drawing 6 and drawing 7 ). Moreover, there 
was no big defect in a grain. The particle size of the diameter crystal 15 of a granule was 200 
micrometers or less. 

[0153] The semiconductor device, the liquid crystal display, and EL display were manufactured like 
the gestalt 1 of operation using this semi-conductor thin film. In manufacture of TFT which 
constitutes the semiconductor device of this operation gestalt, channel length got [ 4 micrometers 
and LDD length / each of 1.5 micrometers, source length, and drain length ] the 10-micrometer n 
mold TFT like the gestalt 5 of operation. These fields serve as a single crystal with which all 
continued, and the grain boundary does not exist. 

[0154] In this way, the mobility after 380cm2/V-s and drug susceptibility testing for mycobacterium 
was 97% or more of initial value, and obtained TFT had [ all ] good mobility compared with the 
conventional TFT. 

[0155] About the liquid crystal display, 1.2%, the screen intensity nonuniformity percent defective 
was 0.2%, and all had the good percent defective of a drive circuit compared with the conventional 
liquid crystal display. Moreover, about EL display, the screen intensity nonuniformity percent 
defective was 0.2%, the image quality percent defective was 0.5%, and all were good compared with 
the conventional EL display. 

[0156] The substrate film which has a porous layer can be considered as porous membrane, such as 
SOG (spin-on glass) film, and it is checking that the silicon crystal of the diameter of a large drop 
grows. SOG does not ask organic and inorganic. 

[0157] (Gestalt 8 of operation) Next, the gestalt 8 of operation of this invention is explained. The 
manufacture approach of the semi-conductor thin film in the gestalten 8-12 of operation performs 
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this exposure process using an exposure mask in the manufacture approach of the semi-conductor 
thin film in the gestalt 1 of operation. 

[0158] First, after forming the substrate film 2 and the amorphous silicon film 3 on a substrate 1 
(refer to drawing 1. ) and performing dehydrogenation treatment like the gestalt 1 of operation if 
needed, this exposure process is performed as follows. In this operation gestalt, as an exposure mask, 
as shown in drawing 19 , the exposure mask 105 prepared so that two or more plane view band-like 
lenses 114 might become parallel mutually at a plate is used. Although any of a light transmission 
nature ingredient or a protection-from-light nature ingredient could be used for the plate which 
constitutes the exposure mask 105, the quartz which has light transmission nature in this operation 
gestalt was used for it. 

[0159] As each lens 1 14 is shown in drawing 20 (a), in the side face by the side of a longitudinal 
direction, it is formed so that the bottom (side which counters a substrate 1) may be set to concave 
bend side 1 14a of a side view approximate circle arc, and in consideration of each installation of a 
substrate 1 and the exposure mask 105, lens curvature is designed so that the quantity of light which 
a lens 1 14 is penetrated and is irradiated by the silicon film may be made to produce inclination- 
distribution. 

[0160] Thus, the constituted exposure mask 105 has been arranged near the substrate 1, and 1 pulse 
irradiation of the laser beam 7 was carried out through this exposure mask 105. The desirable 
exposure range on the strength of a laser beam 7 is the same as that of the case of this exposure 
process in the gestalt 1 of operation, and was made into 380 mJ/cm2 with this operation gestalt. 
Thereby, as shown in drawing 20 (b), the laser beam 7 which penetrated the lens 114 produces 
quantity of light distribution in the longitudinal direction of a lens 114, and produces an inclination- 
temperature gradient in the same direction of the silicon film 1 1 . Consequently, from fewest parts (2 
in drawing 20 (b)) of the quantity of light, a crystal grows towards each by the side of the core of a 
lens 114, and the circumference, and the diameter crystal 14 of a large drop is formed. When the 
particle size of the diameter crystal 14 of a large drop was measured with the atomic force 
microscope (AFM) and the transmission electron microscope (TEM), the particle size a of the die- 
length direction was 6 micrometers, and the crosswise particle size b was 2 micrometers ( drawing 
6 , R> drawing 7 7 reference). Moreover, there was no big defect in a grain. Thus, with this operation 
gestalt, the silicon crystal 14 with a big particle size is formed in the location corresponding to the 
lens 1 14 of the exposure mask 105. Moreover, in this operation gestalt, although not illustrated, the 
exposure mask 105 is equipped with the pattern for key formation, and an alignment key can be 
formed by this. The pattern for this key formation is explained in detail in the gestalt 10 of operation 
mentioned later. 

[0161] The semiconductor device, the liquid crystal display, and EL display were manufactured like 
the gestalt 1 of operation using this semi-conductor thin film. In this operation gestalt, TFT was 
formed in the location of the diameter silicon crystal of a large drop using the alignment key formed 
with the pattern for key formation mentioned above. 

[0162] In this way, the mobility after 170cm2/V-s and drug susceptibility testing for mycobacterium 
was 75% or more of initial value, and obtained TFT had [ all ] good mobility compared with the 
conventional TFT. Moreover, 11%, the screen intensity nonuniformity percent defective was 5%, 
and all had the percent defective of a drive circuit good about the liquid crystal display, compared 
with the conventional liquid crystal display. Moreover, about EL display, the screen intensity 
nonuniformity percent defective was 5%, the image quality percent defective was 11%, and all were 
good compared with the conventional EL display. Moreover, at the time of impression of electrical- 
potential-difference 5 V, the brightness of EL display is 400 cd/m2, and improved compared with 
conventional 300 cd/m2. 

[0163] moreover , in manufacture of the semi-conductor thin film of this operation gestalt , although 
the count of an exposure of a laser beam 7 be made into 1 time as mentioned above , the defect of the 
silicon crystal in the polycrystalline silicon film 1 1 decreased by carry out an exposure several times 
( number pulse ) , where it made the substrate and the optical axis stand it still and both physical 
relationship be fix ( quiescence exposure ) . By carrying out a ten or more (preferably 100 or more 
pulses) pulse exposure especially, particle size was expanded with reduction of the defect of a silicon 
crystal, and the property at the time of manufacturing TFT improved. Moreover, although reduction 
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in a crystal defect was not remarkable as compared with the quiescence exposure mentioned above 
when irradiating two or more pulses, changing the relative position of a substrate and an optical axis 
gradually so that the exposure area for every exposure of a laser beam 7 may overlap 90% (scan 
exposure), compared with the conventional scan exposure, the diameter of crystal grain became large 
according to the effectiveness using the exposure mask 105, and the TFT property also improved. 
[0164] Moreover, although the configuration of a lens 1 14 is using as the concave lens the lens used 
for an exposure mask with this operation gestalt, quantity of light distribution suitable also as a 
convex lens being produced is check ending. About this point, it is the same also in the following 
operation gestalten which use the exposure mask which has a lens. 

[0165] (Gestalt 9 of operation) Next, the gestalt 9 of operation of this invention is explained. The 
manufacture approach of the semi-conductor thin film in the gestalt 9 of operation used the exposure 
mask 139 in which two or more openings 138 were formed for the plate which consists of matter (for 
example, stainless steel) which does not penetrate light as an exposure mask, as shown in drawing 
21 . Each opening 138 is formed in the single tier so that opening area may change gradually, and 
two or more arrangement is carried out so that this train may become parallel mutually. That is, 
along with the longitudinal direction of a strip region including this train, a numerical aperture 
changes gradually. Change of a numerical aperture may be performed by changing a configuration, 
spacing, etc. of each opening 138. 

[0166] When reinforcement of a laser beam 7 is made into 380 mJ/cm2, the magnitude of each 
opening 138 is designed so that the quantity of light distribution irradiated by the substrate 1 through 
the exposure mask 139 may serve as 250 mJ/cm2 to 380 mJ/cm2. Furthermore, the opening 137 of 
the predetermined configuration for key pattern formation is formed in the exposure mask 139. 
[0167] Thus, the constituted exposure mask 139 has been arranged near the substrate 1, and the 
semi-conductor thin film was manufactured like the gestalt 8 of operation ( drawing 22 (a)). 
Thereby, the laser beam 7 which passed the opening 138 of the exposure mask 139 produces 
quantity of light distribution in accordance with an opening train, and produces an inclination- 
temperature gradient in the same direction of the silicon film 11. Consequently, the silicon crystal 14 
of the diameter of a large drop is formed towards the elevated-temperature section from the low- 
temperature section. When the particle size of the diameter crystal 14 of a large drop was measured 
with the atomic force microscope (AFM) and the transmission electron microscope (TEM), the 
particle size a of the die-length direction was 10 micrometers, and the crosswise particle size b was 3 
micrometers (refer to drawin g 6 and drawin g 7 ). Moreover, there was no big defect in a grain. Thus, 
with this operation gestalt, the silicon crystal 14 with a big particle size is formed in the location 
corresponding to the train which the opening 138 of the exposure mask 139 makes. 
[0168] Moreover, with this operation gestalt, since the opening 137 for key pattern formation is 
formed in the exposure mask 139, the field of the polycrystalline silicon film corresponding to this 
opening configuration is formed of the exposure of a laser beam, and that perimeter serves as a field 
of the amorphous silicon film. Therefore, the formed key pattern can be used as an alignment key 5 
from the difference of a color with polycrystalline silicon and amorphous silicon. 
[0169] The alignment key which consists of amorphous silicon film may be made to be formed by 
forming an exposure mask so that this alignment key 5 may use only a key part as a non-irradiating 
part and that perimeter may be irradiated. The semiconductor device, the liquid crystal display, and 
EL display were manufactured like the gestalt 1 of operation using this semi-conductor thin film. In 
manufacture of TFT which constitutes a semiconductor device, TFT was formed in the location of 
the diameter silicon crystal of a large drop like the gestalt 1 of operation using the alignment key 5. 
[0170] In this way, the mobility after 250cm2/V-s and drug susceptibility testing for mycobacterium 
was 83% or more of initial value, and obtained TFT had [ all ] good mobility compared with the 
conventional TFT. Moreover, 8%, the screen intensity nonuniformity percent defective was 4%, and 
all had the percent defective of a drive circuit good about the liquid crystal display, compared with 
the conventional liquid crystal display. Moreover, about EL display, the screen intensity 
nonuniformity percent defective was 3%, the image quality percent defective was 8%, and all were 
good compared with the conventional EL display. Moreover, at the time of impression of electrical- 
potential-difference 5 V, the brightness of EL display is 450 cd/m2, and improved compared with the 
former. 
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[0171] (Gestalt 10 of operation) Next, the gestalt 10 of operation of this invention is explained. As 
an exposure mask, the manufacture approach of the semi-conductor thin film in the gestalt 10 of 
operation uses for a plate the exposure mask 205 with which two or more lenses 214 have been 
arranged in the shape of an array (the shape of a matrix), as shown in drawing 23 . Although any of a 
light transmission nature ingredient or a protection-from-light nature ingredient could be used for the 
plate which constitutes the exposure mask 205, the quartz which has light transmission nature in this 
operation gestalt was used for it. 

[0172] As each lens 214 is shown in drawing 24 , it is the concave lens with which the crevice was 
formed in the bottom (side which counters a substrate 1), and the internal surface of a crevice is 
formed in the shape of the abbreviation spherical surface. When reinforcement of a laser beam is 
made into 380 mJ/cm2, the curvature of a lens is designed so that the quantity of light distribution 
irradiated by the substrate 1 through an exposure mask may turn into inclination-distribution of 250 
mJ/cm2 to 380 mJ/cm2. Furthermore, the pattern 240 for key formation which consists of a metal 
which does not have light transmission nature is formed in a part of field which has the light 
transmission nature of the exposure mask 205 (refer to drawing 23 ). 

[0173] Thus, the constituted exposure mask 205 has been arranged to the substrate 1 in near, and the 
semi-conductor thin film was manufactured like the gestalt 8 of operation ( drawing 24 (a)). 
Thereby, as the laser beam 7 which penetrated the lens 214 of the exposure mask 205 is shown in 
drawing 24 (b), quantity of light distribution is produced along the direction of a path of the plane 
view circle-like lens 214, and the silicon crystal of the diameter of a large drop is formed towards the 
elevated-temperature section from the low-temperature section. When the particle size of the 
diameter crystal 14 of a large drop was measured with the atomic force microscope (AFM) and the 
transmission electron microscope (TEM), the particle size a of the die-length direction was 10 
micrometers, and the crosswise particle size b was 10 micrometers (refer to drawing 6 and drawin g 
7 ). Moreover, there was no big defect in a grain. Thus, with this operation gestalt, since quantity of 
light distribution was produced also crosswise as compared with the gestalt 8 of operation, the shape 
of crystal form became approximate circle-like, and the area of the diameter crystal 14 of a large 
drop was expanded. 

[0174] Moreover, with this operation gestalt, with the pattern 240 for key formation formed in the 
exposure mask 205, since the field of amorphous silicon is formed in some polycrystalline silicon 
film 11, the formed pattern can be used as an alignment key 5 from a difference with the field of the 
polycrystalline silicon formed in the perimeter. 

[0175] The semiconductor device, the liquid crystal display, and EL display were manufactured like 
the gestalt 1 of operation using this semi-conductor thin film. In manufacture of TFT which 
constitutes a semiconductor device, TFT was formed in the location of the diameter crystal 14 of a 
large drop like the gestalt 1 of operation using the alignment key 5. In this operation gestalt, since the 
core of the diameter crystal 14 of a large drop carries out abbreviation coincidence, the formation 
location of the diameter crystal 14 of a large drop becomes more clearly and fixed, and alignment of 
the diameter crystal 14 of a large drop and TFT by the alignment key 5 can be performed with a 
more sufficient precision in the location corresponding to the core of the lens 214 of the exposure 
mask 205. 

[0176] In this way, the mobility after 370cm2/V-s and drug susceptibility testing for mycobacterium 
was 95% or more of initial value, and obtained TFT had [ all ] good mobility compared with the 
conventional TFT. Moreover, 3%, the screen intensity nonuniformity percent defective was 1%, and 
all had the percent defective of a drive circuit good about the liquid crystal display, compared with 
the conventional liquid crystal display. Moreover, about EL display, the screen intensity 
nonuniformity percent defective was 1%, the image quality percent defective was 5%, and all were 
good compared with the conventional EL display. Moreover, at the time of impression of electrical- 
potential-difference 5 V, the brightness of EL display is 470 cd/m2, and improved compared with the 
former. 

[0177] (Gestalt 1 1 of operation) Next, the gestalt 1 1 of operation of this invention is explained. As 
an exposure mask, the manufacture approach of the semi-conductor thin film in the gestalt 1 1 of 
operation uses the exposure mask 241 with which two or more crevices 242 have been arranged in 
the shape of an array for the plate bottom (side which counters a substrate) of the matter (for 
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example, quartz) which has light transmission nature, as shown in drawing 25 . The internal surface 
of each crevice 242 is formed in the shape of a cylinder, and forms level difference 241b between 
mask inferior- surface-of-tongue 241a. Furthermore, the pattern 240 for key formation which 
becomes some exposure masks 241 from the metal which does not have light transmission nature is 
formed. 

[0178] As shown in drawing 26 (a), the exposure mask 241 constituted in this way has been arranged 
near the substrate 1, and the semi-conductor thin film was manufactured like the gestalt 8 of 
operation. Thereby, since the laser beam 7 which penetrated the exposure mask 241 produces a 
phase shift by level difference 241b which forms a crevice 242, as shown in drawing 26 (b), it 
produces distribution in the quantity of light irradiated on a substrate. The location of the quantity of 
light corresponding to near level difference 241b of a crevice 242 is the weakest, and the quantity of 
light increases this quantity of light distribution towards a core side and its opposite side along the 
direction of a path of a crevice 242, respectively. When reinforcement of a laser beam is made into 
380 mJ/cm2, the magnitude of a crevice 242 and the height of level difference 241b are designed so 
that it may become inclination-distribution of 250 mJ/cm2 to 380 mJ/cm2. Thereby, the silicon 
crystal of the diameter of a large drop is formed towards the elevated-temperature section from the 
low-temperature section. In this operation gestalt, as an approach of making the laser beam 7 which 
penetrates the exposure mask 241 producing phase contrast distribution, although the crevice 242 is 
formed in inferior-surface-of-tongue 241a of the exposure mask 241, heights are instead formed, and 
even if it constitutes so that the thickness of this part may become thick rather than a periphery, a 
phase shift can be produced like this operation gestalt. 

[0179] When the particle size of the diameter crystal 14 of a large drop was measured with the 
atomic force microscope (AFM) and the transmission electron microscope (TEM), the particle size a 
of the die-length direction was 10 micrometers, and the crosswise particle size b was 10 micrometers 
(refer to drawing 6 and drawing 7 ). Moreover, there was no big defect in a grain. Thus, with this 
operation gestalt, like the gestalt 1 0 of operation, since quantity of light distribution was produced 
also crosswise, the shape of crystal form became approximate circle-like, and the area of the 
diameter crystal 14 of a large drop was expanded. 

[0180] Moreover, with this operation gestalt, with the pattern 240 for key formation formed in the 
exposure mask 241, since the field of amorphous silicon is formed, the formed pattern can be used as 
an alignment key 5 from a difference with the field of the polycrystalline silicon formed in the 
perimeter (refer to drawing 2626 (a)). 

[0181] The semiconductor device, the liquid crystal display, and EL display were manufactured like 
the gestalt 1 of operation using this semi-conductor thin film. In manufacture of TFT which 
constitutes a semiconductor device, TFT was formed in the location of the diameter crystal of a large 
drop like the gestalt 1 of operation using the alignment key 5. In this operation gestalt, since the core 
of the diameter crystal 14 of a large drop carries out abbreviation coincidence, the formation location 
of the diameter crystal 14 of a large drop becomes more clearly and fixed, and alignment of the 
diameter silicon crystal 14 of a large drop and TFT by the alignment key 5 can be performed with a 
more sufficient precision in the location corresponding to the core of the crevice 242 of the exposure 
mask 241. 

[0182] In this way, the mobility after 410cm2/V-s and drug susceptibility testing for mycobacterium 
was 97% or more of initial value, and obtained TFT had [ all ] good mobility compared with the 
conventional TFT. Moreover, 2%, the screen intensity nonuniformity percent defective was 0.7%, 
and all had the percent defective of a drive circuit good about the liquid crystal display, compared 
with the conventional liquid crystal display. Moreover, about EL display, the screen intensity 
nonuniformity percent defective was 0.6%, the image quality percent defective was 4%, and all were 
good compared with the conventional EL display. Moreover, at the time of impression of electrical- 
potential-difference 5 V, the brightness of EL display is 520 cd/m2, and improved compared with the 
former. 

[0183] (Gestalt 12 of operation) Next, the gestalt 12 of operation of this invention is explained. The 
manufacture approach of the semi-conductor thin film in the gestalt 12 of operation uses the 
exposure mask 339 in which two or more openings 338 were formed for the plate which consists of 
matter (for example, stainless steel) which does not penetrate light as an exposure mask, as shown in 
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drawing 27 . Each opening 338 is arranged at the radial so that opening area may increase gradually 
towards the circumference focusing on one point, and it forms the plane view approximate circle-like 
quantity of light distribution formation field 350. That is, each opening 338 is arranged so that the 
numerical aperture per unit area may increase the quantity of light distribution formation field 350 in 
the direction of a path from a core towards the circumference. When reinforcement of a laser beam is 
made into 380 mJ/cm2, the configuration of each opening 338, spacing, etc. are designed so that the 
quantity of light distribution irradiated by the substrate through an exposure mask may turn into 
inclination-distribution of 250 mJ/cm2 to 380 mJ/cm2. On the exposure mask 339, two or more 
formation of such a quantity of light distribution formation field 350 is carried out at the shape of an 
array (the shape of a matrix). 

[0184] Moreover, the opening 340 of this area is arranged at equal intervals at the whole, and the 
opening 337 of the predetermined configuration further for key pattern formation is formed in fields 
other than quantity of light distribution formation field 350. . 

[0185] Thus, the constituted exposure mask 339 has been arranged to the substrate in near, and the 
semi-conductor thin film was manufactured like the gestalt 8 of operation. The laser beam which 
passed the opening 338 of the quantity of light distribution formation field 350 produces the quantity 
of light distribution which increases in the direction of a path from the location corresponding to the 
core of the quantity of light distribution formation field 350 on a substrate 1 towards the 
circumference, and produces an inclination-temperature gradient. Consequently, the diameter silicon 
crystal 14 of a large drop is formed towards the elevated- temperature section from the low- 
temperature section. When the particle size of the diameter crystal 14 of a large drop was measured 
with the atomic force microscope (AFM) and the transmission electron microscope (TEM), the 
particle size a of the die-length direction was 10 micrometers, and the crosswise particle size b was 
10 micrometers (refer to drawing 6 and drawin g 7 ). Moreover, there was no big defect in a grain. 
Thus, with this operation gestalt, like the gestalt 10 of operation, since quantity of light distribution 
was produced also crosswise, the shape of crystal form became approximate circle-like, and the area 
of the diameter crystal 14 of a large drop was expanded. Moreover, the part irradiated through the 
opening 340 formed in fields other than quantity of light distribution formation field 350 became the 
diameter crystal 1 5 of a granule. 

[0186] Moreover, with this operation gestalt, a polycrystalline silicon field is formed in the location 
corresponding to this opening 337 of the opening 337 for key formation formed in the exposure 
mask 339, and since an exposure is intercepted and an amorphous silicon field is formed with the 
exposure mask 339, the pattern corresponding to the opening 337 for key formation can be used for 
that perimeter as an alignment key 5 from the difference of a color with a polycrystalline silicon field 
and an amorphous silicon field. 

[0187] The semiconductor device, the liquid crystal display, and EL display were manufactured like 
the gestalt 1 of operation using this semi-conductor thin film. In manufacture of TFT which 
constitutes a semiconductor device, TFT was formed in the location of the diameter crystal 14 of a 
large drop like the gestalt 1 of operation using the alignment key 5. In this operation gestalt, since the 
core of the diameter crystal 14 of a large drop carries out abbreviation coincidence, the formation 
location of the diameter crystal 14 of a large drop becomes more clearly and fixed, and alignment of 
the diameter crystal 14 of a large drop and TFT by the alignment key 5 can be performed with a 
more sufficient precision in the location corresponding to the core of the quantity of light distribution 
formation field 350 of an exposure mask. 

[0188] In this way, the mobility after 410cm2/V-s and drug susceptibility testing for mycobacterium 
was 97% or more of initial value, and obtained TFT had [ all ] good mobility compared with the 
conventional TFT. Moreover, 2%, the screen intensity nonuniformity percent defective was 0.7%, 
and all had the percent defective of a drive circuit good about the liquid crystal display, compared 
with the conventional liquid crystal display. Moreover, about EL display, the screen intensity 
nonuniformity percent defective was 0.6%, the image quality percent defective was 4%, and all were 
good compared with the conventional EL display. Moreover, at the time of impression of electrical- 
potential-difference 5 V, the brightness of EL display is 520 cd/m2, and improved compared with the 
former. 

[0189] (Gestalt 13 of operation) Next, the gestalt 13 of operation of this invention is explained. First, 
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as shown in drawing 28 (a), after the manufacture approach of the semi-conductor thin film in the 
gestalt 13 of operation forms the alignment key 5 on a substrate 1, it forms the insulating substrate 
film 2, such as a nitride and an oxide film, on a substrate 1 and the alignment key 5, and forms the 
amorphous silicon film 3 on this substrate film 2. This alignment key 5 consists of matter with the 
heat conductivity higher than the amorphous silicon film 3, and can be formed by the formation 
approaches in each operation gestalt mentioned above, such as the approach of forming and carrying 
out lift off after etching after the vacuum evaporationo using a mask, and membrane formation, and 
resist pattern formation. 

[0190] Next, a laser beam is irradiated to the amorphous silicon film 3 on the same conditions as this 
exposure process in the gestalt 1 of the above-mentioned implementation. Thereby, as shown in 
drawing 28 (b), the alignment key 5 functions as a heat dissipation layer, and the diameter crystal 14 
of a large drop is formed near the alignment key 5. 

[0191] TFT40 can be formed in the location of the diameter crystal 14 of a large drop as shown in 
drawing 28 (c) after this using the alignment key 5 like the manufacture approach of TFT in the 
gestalt 1 of operation. Thus, since the alignment key 5 can be made to serve a double purpose as a 
heat dissipation layer, shortening of the production process of a semiconductor device can be 
attained. 

[0192] As the substrate film 2 is shown in drawing 28 (d), it constitutes from two-layer [ of top 
substrate film 2b and bottom substrate film 2c ], and the alignment key 5 may be made to be 
arranged between top substrate film 2b and bottom substrate film 2c. In this case, it is desirable to 
make thickness of top substrate film 2b thinner than the thickness of bottom substrate film 2c, and it 
can make thermal conductivity good by this. Moreover, top substrate film 2b is used as a porous 
layer, and it is good also considering bottom substrate film 2c as a layer more precise than this 
porous layer. 

[0193] (Gestalt 14 of operation) Next, the gestalt 14 of operation of this invention is explained. 
Although the structure of TFT in each operation gestalt mentioned above is generally called 
KOPURENA (coplanar) structure or forward stagger structure, what is called bottom gate structure 
or reverse stagger structure exists. TFT of such reverse stagger structure can be manufactured as 
follows. 

[0194] First, after forming the alignment key 5 on a substrate 1, the substrate film 2 is formed. 
Subsequently, sputtering of the metal membrane is carried out, a photolithography is performed 
using the alignment key 5, and the gate electrode 20 in which patterning was carried out to the 
predetermined location by dry etching etc. is formed ( drawing 2929 (a)). Subsequently, after 
forming gate dielectric film 19 with a TEOS-CVD method etc., the amorphous silicon film 3 is 
formed by a plasma-CVD method etc., and heat treatment etc. performs dehydrogenation ( drawing 
29(b)). 

[0195] After this, like the gestalt 1 of operation, the amorphous silicon film 3 is used as the 
polycrystalline silicon film 1 1 according to a preliminary exposure process, and the heat dissipation 
layer 4 which consists of an ingredient with thermal conductivity higher than the polycrystalline 
silicon film 1 1 is formed near the gate electrode 20 using the alignment key 5 ( drawing 29 (c)). And 
after forming the diameter crystal of a large drop near the heat dissipation layer 4 according to this 
exposure process, a semi-conductor thin film is completed by performing the removal process of the 
heat dissipation layer 4. It cannot be overemphasized that the heat dissipation layer 4 can be formed 
by other approaches shown in each operation gestalt mentioned above, either. The approach of 
manufacturing TFT using this semi-conductor thin film can be performed like the gestalt 1 of 
operation. Moreover, in case the alignment key 5 forms the metal membrane for gate electrode 
formation and performs a photograph process and an etching process instead of forming between a 
substrate 1 and the substrate film 2, it can also be formed in coincidence with the gate electrode 20. 
[0196] As mentioned above, although the gestalt of operation of this invention was explained 
concretely, to say nothing of this invention not being what is limited to the above-mentioned 
operation gestalt, modification various in the range which does not deviate from the summary is 
possible. 
[0197] 

[Effect of the Invention] According to this invention, the polycrystal semi-conductor thin film which 
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has the crystal of the diameter of a large drop can be offered so that clearly from the above 
explanation. Furthermore, the semiconductor device which is a high property and has high-reliability 
can be offered. 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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[Hf*JS3 3] m^MISPPaSfi, WiM^fefc«9 
«f *lR)i:fto X4 M i i: S:»tti 1 3 2 K 

B»*3&s WIES^lpj fp v o T £ C 5 C t SrWtR "T 5 IS 
3 5 ] »E±fc»/* Ufe*fifXfl*iB6W 

#mm<Dmmj>& 0 

[9*53 6] Ste_b<D-8|5tcr7-ry i/Y*—%M 

fetus c: t &w&ki-z*mftmmv>mm*m 0 

5 c i J: 9 C 5 y = >^«« t 

50 ^MiK^y =^««tofe<otB*^J:o-c»j«S^ * 



5 

[«l#S3 8] *kjl<&— au^— h«ixr;7 7>f 

[OOOl] 
[0 0 0 2] 

[0003] m&itj:mx~mm£thz>i'--*f<Dytmt u 
ft-ef^iH-rsTFTS:— jft^fiia^y s i -tft^ 

[0 0 0 4] r*L*-C©TFT***feiS«-Ctt. 
gS i ^i#ltt6TFT^- »X*$>>9, l®^^r 
K»i--5fc«)OllII«a5^ttliiffiffl3af- I C^s^&BtD 

y S i -TFTSrSffitSC fcfcJ: 9, #7*S4£±t- 

5:i:m5o ft»OW!iSi-TFT 

SrJgjSKi"*. ^to^Si/*^*:^*/!' (SOP) ^ 
^JfBi:*5o tetany S i -TFT&ffl^t, E 

[0 0 0 5] 

S i-TFTIi, £JtT*>l81JB£j& s *>S. 
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(1) ft&tztiz&ftg&i'}) a^nwioiieitta^/hs 

(2) TFTat, <£*£:f*fi«!l$i*£ (£AT\ T L D 

(3) TFTXI±S^«««:»3S-r6R^. *>y=i^» 

Jfc*5>t\ TFT^l^fttt^77^r^i, 

[0006] ^tta^nsjifc^r-rs**** 

[0 0 0 7] 

KBttt* fete 9* **BRIt L TifcilMfc ^5Ig^ 
[0 0 0 8] ^:<D^»ft:»K(oa*5g^j5fe^J:tttf, 77 

^^5£^^^^^d*^]^fn v oT^^SU, tt: 
FTftjRjgi-St. J*»tta*stt3fefcit-<T*#l^fc«) 

[0009] miBttfRjssr^-rsxat ttn 
40 [oolo]- ffim*mftmm±\m*mftmm£ r> * 

a 

-r-5xa<b, WBE*»flc»«J: D t«ftfi»*^iB^»« 
50 JSfii*oJ5i/*ti*l:y 7 ht7t$!S 
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[0011] miattfMI^Btt, ¥««H*M^ttCfc 

<D ^ -f Tr£> o T t & l> \ 
[0 0 12] ^MOtt<OMM»fl:}»«^»iS*ife 

[0 0 13] StSXIi^^0T^^t: o >>^T%B)§^r^ 

[ooi4] fau atriB3S*xttw— i?*fi. ^/i^u- 

[0 0 15] Sfc, *»W^M^ffio^*««^»3S 
[0 0 16] r<D2NW**Bl^»ie*«fe^J:^tf. *WR 

TFT<D»iexat^*3t\-c. ^-<r>imm*T ? ^ * 

[0 0 17] -SSlUMl^Mt^Xli:, r<7) 

«rlBT«JRT-«5XS4:, SWBT«Bl^*»KXtt** 
fi^^Wflc»MS:Jgj«-r-5XS • S4S±{^»6»tt4:*-r 
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«m*»j«L, WfEifeS»B^S(ri5ftfe^T«fiM-e®9xm 
^-rsxg 

[0 0 18] £fc, *38MwH^<|fit7)*»ft:»l«0»5g 
[0 0 19] CO^*flc»MoiH5S^«feiCj;ttfi, 

* fcfi u-if *ds«rjB**^^ * co u >-xas*aiB-r * 

[0 0 2 0] ffff27feS^*^^C^^5*&^ LTtfU 

-So 

[00 2 1] . HtrfE U^XSR^sp^SF^XfiR^i^ 

m<D&ftfrh&<D&&izfartxm&&&&-rz>o 

* r. <b x% *>bm*bmmm^fartxmm>i$&'tz>o 

[0 0 2 2] Ittffit^Xffi^ttiSttu Wim&ft^*?<D 

40 S»ffit7)^ft< it— i»*iS*^5r.tJwJ:oTJi!?*S 

[0023] ^fc. *ftw<DM{zm<o*mfamm<nMj& 
xifc&ikzitz^nzmz-, (Mre**-^ * tt. Raw* 

50 * 0 
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[oo24] z<o^m»wm<om^m^xti^ 

•t its ffl*4w&iaK4gEf-»oT* BUt***S#^o 

[0 0 2 5] «HBfittt^S:^DS*5*ifei: LTIt 

[0 0 2 6] • »^»IJ:lp*!&s»**36aBllttJ««t36*6 

« R * \zMtftrr S^&lcf*. jg JM(s*s H 5 teB & 
[0 0 2 7] *fc, *»M^3E^fl&(^*»#*Bt^a*5S 

m x r> , m&*mftmm\z.mft$ti&yt&izm®ftte& .30 
[0028] z<D*mt*mm<osimj?m\z£fr&. #m - 

[0 0 2 9] fflE3tlM«:ti:**5*fti: LTte, 
[0 0 3 0] • *teffia*>fc5 0BBP*^ «rtt««^ 

m<Dffimfflammm£frtz-&ft^x*&m\<\ wis* 

fi & tfr is A ^* ft 1 c » o r £ C $ * ^ 
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\zfortxm*mz&mtoxi*mmmzmto-rz> x 5 
ffifBfcfc^oMp^n^^+^^iSia^injttT 

[0 0 3 1] Sfc* *»*HBIII^»3»*j5fe^*3l^Ttt. 
[0 0 3 2] W»3S^«fe) ±l2@^^iS^ 

[0 0 3 3] C(Z)^#ft:K«oa45e*ife{J:J:tttf, »ft 
$ tiX ^ S «4>^iS«fiJaJR* I- J; o 

[0 0 3 4] ^<Z5**fl:aW«S:ffiV^rTFT«:»iS"r-5 
&C#>k-?Z>TFT<D¥F&&fa±-fZ><DX\ Mt&tVK 

[0 0 3 5] JEI^, T^^^^h^- 

[0 0 3 6] ^*fi, *«H*:»Bl^*ttS»*^JIS*S 
tb-Ct. r (Digii^b^t TFT 



»' 

1* 
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BSrSttT. *tt«j|£iliOtefifcTFTXfiTFT*j§ 
[0 0 3 7] 

[0 0 3 8] **eBO«&^*«ft:36«<30»ig*fe 
at^fefi^-^SrBaitbTieS^S^SXSi:. WIS 

[0 0 3 9] C(D^#^B^Siit*fet-J:^tf. -t^ 
UfeJ;5J-TFTO»ttdSrfij±U B5«rtt"CJLoiB««l 

[0 0 4 0] *»M^3Ef-«&^**ff3S«oK5g 
-^x * LT3ft#* fete i"—? #Srfi8S*i- 6 r. t \c <fc 

[0041] z<D¥m&m&v>stm:Jjmz£ti&. *m 

*»#:|IIBIS:ffl^TTFT4:jRJ&i-St. |ft«H£*'« 
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[004 2] *«M*«BK!:tt. 

^S^I^OffiB»-T F TXttT F T»5S(D— 
[0 0 4 3] 83fc^ * * L 

io f:^/^-y|:Mt^tS#»M«^ittu 

[0044] *»w^3E^te^*#*36B^aiie 

IWET?>r ^ v h^r-Sr/B^T, ffTCMMII^fflRJ: 

Bg±co0f^4fit-^i-6Xair, «frtS^»«:*IRl2:» 
3t*fcf±u-1f3t«:H8*tU-Cte»^**6XS^S:^tf 

[0 0 4 5] r(75^^B^Kit*fe{-<ttL«. 77 

30 ->«S(^ffiB^fe*-C*«t€i3ISfiS:«*-rS w fc •» . 
X$Z><DX\ *ftfite* t T F T t i^ffit^bt *t»S 

[0 0 4 6] (^fr^B) ±iaBWSr»J«i-Sfc«) 

^^vnmt, K^-r^/^*fioMfli^ttB-r^B5»fl[ 

[0 0 4 7] ^gI^t6TFT^tyWT* 

*vi)Tn, &&<DXfomzffimvxwtiL£tbZ>m&& 
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FT#tt^>fb-r6o 

[0 0 4 8] JgiS^Pfe^S i -HCD*£-&fS, JSiHEtfr 
[0 04 9] LDD««Xtt*7tyh««C 

[0 0 5 0] MX-tf . 13 3 0 ( a ) tC^i" «fc 5 f-x L D 

£\ sg^fi, 0 3 0 (b) 5l-> MISffl^A^ 

««Art^j»»tt#*s*<#ffiu*^»*ds«a-*-. 

"So 

[0 0 5 1 ] 3Kffi<OJt«*r*^ftSte^Sftfi. LDD 

ISA) rov^i*n^*il^J:0t*.#v^fc3»ff.*.UU\ . 
[0 0 5 2] jgJMfcJMK K 

^yf©LDD«J*fcttt7*y h«*t©IIMt 

xu*7~ty hmt& k %>—Jsfrh. m 

tsiF|««0. 4|*ni£Jlrt-Ci!)5itdS»*t<, 
0. 3 |xmWrt"Cfc££ £j&*<fc UV\ 
[0 0 5 3] ilO»&t, ±B«W**!l^ft< fct>-»* 
^TZf£&<0^irtlfr<OlfiLmt>K fflffSL-DD««Xtt 

[0 0 5 4] **W#6dSj»ftffofci:r^ 
i/y 3V©i»*ttai:TFTfB«tti:^IHfcf±, 03 1 

£T\ TFT$:Mt5ft^/WHDDg®Xli 



0 2002-203861 

14 

i'MUlS VCOmjE^r^Jt. 5 0 0 kHzl 5 0 0^1 
^- hSffi^ON/OFF^rJftil-r direct 9. £3&l§] 

[0 0 5 5] ra0^e>Wfe^<cJ:5^s jR*ffia*so. 

[0056] ^fc, *<D&<D&9t\z£*>^ mmmyzmR 
tm-rzk*? h^r-r y r^tu<^5o *fc. & 

[0 0 5 7] Lfc/^oT. MIEfB«**^Wfl!lJwflrB-r 

n&<D*&<Dmmizte%irz>zkfrb. o. 3/zm«± 

30 T^C^^LC ,0. 4 fiimU±-e%>Z>ZkfrJ: 

^>*v><^x% ft&&it<D3imktez>?>'iy}) 

40 ^<m^^je- 9 < r.(7)^ N TFT#fi(D 

[0 0 5 8] j»ft«fci|L36S#^E Uft V>lOTB«««#fl. K 
K i^^C k V—xk*m&£tiZ>m&i>3bV'&Z<DX\ 

[0 0 5 9] ^fc, ±E^*ff36Btt. H{-s ^-y^/u 

50 mfykLvum&wtt^^y vffl&knmw&Rfrh 



4 
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X\ *£»£^ft-bU TFTWt©*ft©fi«Rtfflr« 

[0 0 6 0] £fc N ^M^te^^frSUtt^ #*SJi 

iE*«»JBrtJc x m^^^^m^m 
[0062] hi^ Mfs^^^^iUc(-, m&nn&ft 

[0 0 6 3] ^Ci, SfrlELDD«*SX^7-fey hffl« 
[0 0 6 4] *»M^JEJ-te<0^*fls:»«#i. * 

ELi^gfllo^t^ #Bl*«)«lfP*fBHK-r«TF 
TWiPfltlilOOfi-CfcS^ ±j|U:TFT 

[0 0 6 5] i^***Jfi«^J:*tfi. 1S2&0*lgh7 
>- v?^ * CO 5 *>> T F T«Ptt0^fc(D(S«Rt«t*tt<0 

[0 0 6 6] ±E#2MW*K«f±. ^£ifflfB¥*ttJB 

L < , WSSTftMtt." sp*&?LS*S 0 . 0 1 — 2 u m 

EM • TEM^«**tt6«^»W»*:fflif^*:«««!:J: 
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[0067] m&ib*m»mb<Dn\z.&KKm*:<£t*T 
■rsa*^#6*ts 0 ua*u *?lkji<d*l«j&s*:#< 

*#3)E#"T?* < * TFT**«FlBXf4*»ia^>f 
SE^l^MS (Vt) Oi/7hS:±i:6„ £fc, 

[0068] a±o«^?>. #?L»JBoaar±. 
a&aso. 0 1 — 2 W B-e*>5^i*ff*u<, 0. 0 

^v^t?#*?-5^— hmEEOb#v^ffi (Vt) ©i/7 

[0069] -£tz. mte&mbm&*mftmb<Dmzte 

[0 0 7 0] £<0**#|S«K:±ftfi. TJ^ 

*U TFTWWfiTU TFT*fiB£|1l]Xfi#l!fe 

Wt>Z>V- h«JE<0l,#tMa (vt) KfcBSihi" 
[0 0 7 1] **M(05g^te<0*Wf*:»Bli, * 

fit h 7 vs>* * jftK SffB*»#i J: 9 fell&fi»*0>i« t v 

[0072] z<D*m#mm~£tLi£. *m&m£v^ 
^(D^mtemttffiznfa&ZMj&^zzbtmM 

[0 0 7 3] ffirlE^^'-^ttx atRt^atflcaioBB^ 

[00 7 4] T«W»*i. SB 1 tf>Ti£jg| (±«0T*I» t 
3!2<7>Ti&lgl (T«T*BB t^flfrictSCi^-c 

50 *Jg2(^T^off*.J:9t>»<-r6rtds»*LV\ 
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(10) 



[0075] fl&*>ffi#*> 

6 0 10 

[0 0 7 6] «J:<0¥#fMMf4, «X.(f, ±*£bfc^ 

*/MH*^H«l-ffi«.t"*i«»*^l««J«*;i:, striae 
t L DD««Xflt7t s/ ©**iS«Oil6*tt 

*af#3£B 

SS±lC**#JldS**S*t*:*ll)l-h 7 ^i*** Srfflf 30 

• *tE±^*«fl:«dS*j«S*T,fcHMII h7^^^f 40 
[0077] :oiMWHSBi:J:iitf, »3fi-rsiRlw*3 
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[0078] ±mi,iz.&¥mftmni±. mz-&. 

g^E L«^»fi*^S^B£^* 

6 0 ELt/Tgili, TFT&fflV^E L<Offl*2fctflB 

j&E Lr^/W o^**^tf 0 
[0 0 7 9] 

[00 8 0] (MMcD^m 1 ) 

jSfefi, GaAs. Ge, SiGe. SiGeC^S 

ftliffl^^t^S^ya^ (S i) Sr^'WJUftW-f 
[00 8 11 01 J: 5 W&L 1 -h^s , 1 

VD&iwJ:t)Ki?3 0 0 nmCOS i 0 2 T«Bl2*rJ*K 

2 IKx =i^Bt<Offly*»2 0 0 n m^_h-C£>*Lfcf 

B8IH*t\ Off* 5 2 0 0 nm*S^t^(i, 'Xv^WR 
ifrb<oyfitfm&i/}) =i^S9trl(£SfeU, TFT» 

[0 0 8 2] /7XvCVD^ia^ Tit^2 

VyayJll3(Oj*i^t)fco-Cll ISECVD^^ 

[0 0 8 3] o^r% ff»stbfc**lti/y 3^Dl3* 
[0 0 8 4] S2{^-rj:5{-, fr=- /i- 

(ELAgf) 6(Cj:f9^<lRBtt^fT5o ^Hjffi^> 
^^X-fiX e C 1 ^VUX U~ if (jfe* 3 0 8 n m) 



4 • 



*. 

.1 



(11) 
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Hr@T«tfLTl OlHl (1 O^VU*) U-^^:^ 

[0 0 8 5] ijgiS^ffi^ \s— Iftt* isV^>Wk^A 
WLiStlX, %&Z:m$L-tZ>!&mfctbZ><DX\ SI ^ 5 O 0 

eClx^>7l/-f «f3 0 8nm) ^rffl^TJg^ 
>ftlXa^fT^ofc^. ISf^5 0 0 nmW^-ft 
£>*U£J;<, f^itfArF, K r u— 10 

f 5 — ^Ar U— If-^T^&W £fc. ^/l^U-^S: 

ffl^T^Lfc^, S»£3£« (CW) c?5U-if-ct>J: 

[0 0 8 6] #&mi/V ^>m3\zM^X^-^%:7 & 
mM~rZ>Wr£. Ml:^^t^)16 0inj/cm 2 ^± 

[0 0 8 7] r^M^ttXSX^l. ^llg1f<OR5t^ 

^Pt&/5^CI-< 1><7)T% 0»;ttf. 1 70-2 8 0mj/ 
^^3^^L$^:5o ^H^ffiT*fi, 2 5 0m J 

ji^t^^^^ y ^ 1 1 £#/c 0 

[0 0 8 8] &tw. ^^-^^^^^ffi^T, ID 
8 (a) (c^-TJ:5^. #JgnSir>y ayRl 1 Ji^*!R 

[0 0 8 9] 4 te. £*if!r> y =i >-)g£ 1 1 it) t 

Tis Mo N W, Cu s A u , Ag, Pt. T a N In 

fc* tttttf I TO (In'TiOj 

^y^r^ (Mow) i:«J;^Mi4W77^ 

*mnMn\z&^x&¥-mmz&\,^xmteW;b ufc 

[0 0 9 0] OPt% fW*U— I^T— — /^fi (ELA 
£§©) Srffl^T, 0 5 (a) fc^-TJ;5l-#HBI*xaSr 
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I'— 1f#7£>3S£<EBtt:2 8 0mJ/cm 2 ^4 2 0 
mj/cm 2 tfc^ *HS«itli3 8 0mJ/c 
m 2 <t L/c 0 JgUi. C<0±PSffiRt5TRffl[tt v =^ 

ni 3 <Dmm\az&itm*tz> z. t t>w$. u < , -Tats/ y 

>-jg| 3 <£>J8IJP (nm) s El*U-if*»fi«5fi (mj/ 
cm 2 ) 3.78Ta+138^E1^4.54Ta+153<D||#£: 

[0 0 9 1] f*7(D 1 >^M— OBB*tlHl*«. 

K/«£6fc«>, f (CT F T Ifci^^tii^S^t 

<oBa*tiHii!cfis i oia^fe 3 osaK-cfc-s. *mmj& 

1 ^rFfi-2 OlElfTofCo jSj, 1 ^rSf^<OBa*HlI*k«r 1 0 

O0^±Ht6^, 2 0[H]c7)#^i:it^bT, TFT£ 
[0 0 9 2] £(D#HB£*xafc£!K 

fill 1 £ t) tl»e#*j5SiiS^^fRJi4^fp]ftT^H3 1 2 

mmm&. tkmm4frt>i&gfrz>\z<>tixm<tez>fr 
as (b) \z7F-rxoi^ m^mm<om&w^tscm 

&x\ fcm.wfrbm&micfartxm&ik&?rt>tiz>o - 

COJg*. 0.6 tC^-T X 0 iw, .J&f»Jl4^.5ft«^43»t^^ 

[0 0 9 3] ^m^lS^ 1 4 <£>¥®Jf2#t£:l2| 7 ^^-T 0 
C^fi^^r, ML^milWfflM (AFM) *5iU?Si§ 

Mm^«s^ (t em) xmfezvtctzz. 

/h&Sifeftl 5(^oV>TtfRl^^^^^-<fci:^ 
ttS^s i o 0 n mOTT^ D s t**^Ba»XgT-» 

<fc5(-. *fi8a*xa{c*3^Xfi, *JRS4^iff«. BP 



(12) 
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[0 0 9 4] tt«US4<r>|»ifeXSS:fi i 5, 13 8 

(a) \^7jk-t£?\^. y =»VJSl 1-bl-ttx Jft 

3=1\ ^^h^— 5fcu^ hfti?<£>{fc8 

16^MU tt«Brt:£ii:S (08 (b) ) o 

Mi4*^t5 0 (as (c) ) 0 mm^ m 

1 6 Sr««*Tfl»*-rs (08 (d) ) o £*U::J:!K 
T^^^Vh^~5^ofc^T% »«I4^§ 10 

^KJ: 0»*-*-5c 7K^^TSS^ «M2X l o 20 

a torn* c m~ 3 ^§U§:~(r£>£>o 

[0 0 9 5] *^jK^ffiJC*5ttS^*fls:»KO»3SlCte 

i-eTFTCOK3tXS^*3^T, £ T F T i:' 

(DttS^^^^B l-ft £o 

[0096] *mvmw*mj&'r 
zmmvyisv** (tft) **5g-r5*fe(wot^-c 
mA-rz>o £i\ a.io (a) m^-rj;?^ 

f 0 i 4^t-r-5#iefQi/y ^^ii i ^mlx, r.9>f 30 
trv\ ftttn-^^— •■Mtvy a^feft 

(Ofc^dtfflt^o hitfe^l 9f±. Si o 2 ^« 

MMTEOS^i^^XvCVDIIJl^M 

60 »feax(ivMt^ igJEcvD. y^e-h 

/7X-7CVD, fffCVD, ECR-CVD^ra 

ftjf*»r<B"C*>s. 

[0097] m 1 0 ( b ) tc^-r j: 5 1-, y— h 

2 0(1, «x.ffs ^y ' ^^r^tK^ 
lCSi, Cu, Ta. Sc. Z r ft i?<D'J>fjt < £ t 1 
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[0 0 9 8] 7 a- hXgtC^TteJB-rS^*^ (13^ 

x*hv, y-hmm2o*. #j*»5/y avail 

K^yffl ^ffias**fc«*£A 1 4^* 

[0 0 9 9] HIl 0 (c) tc^-r<t -f *■ 

««2 2*ft5 0 ut»i, y^fitfM^ r^-fe 

^irfts^n^atiRft^ Kt-iutyya^ 

[oioo] HSiat), y- hlfii2 0 

>-K-t°>y^SI-J:!9B5SIS^y >-^A-T^« CO 
JB*, v-y li^ttS^*/^^ 2^Mffl 

-t^tty — ^««2 4Rt)«KWyfB«l 7 £ft<5 0 . 
^*/i4B«2 2£B»ffi*M*ft«Wcl 7, 24 

DDi^l8a, 18b£ft£ 0 . 

[oioi] u^h/^-y»it5 0 a 

5 S ef&ttlb^^C^^fe, — s\s(D£ 5 ftX 
SSrf+iPLft^rirt^riB-efc-S^ <fcf9«^ftStt^ 

&mz>tctfr\^u. 4 o ot:^^ — /k 

— S*BHJt^ RTA (Rapid Thermal Anneal) ft^dJ: 1 ? 

[0102] m^, mio ( d ) ir^-r j: ? 

y =x>^e>ft-5*iattaa2 1 *:^flc^j*Hi-r*« ^r P i 

«»Bt2 1 LTfi. Si0 2 ^K^-«ttfTEOS 

Zm^ft-^y X-7CVDH.J: c ^ ^x-# 5 

^> ftfe^^&s #I;ttfs A.P-CVD (Atmospheric Pr 
essure CVD) ?fe > L TO (Low Temperature Oxide). E 
XR-CVD/^ia 19 S i 0 2 I»*Ltffott) 

irfif 5 *"etftv\ ^fc. SMJ6»BI-2 l o» 

[0103] it, ai^^-^y^j: 9, mm$&mm2 

y-x^igc 2 4 Rt/ K i^-Y l 7 = 9 
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^--y^lt, y— *®ffi2 3 a*3J:tfK^-f 

2 3 b SrMt5o y-^*5j;^KWytffi2 3a, 

2 3b (Dtfmt LTfL T/l^ — *A • v?/W=i — £.Zv& 

tWx.tfs TVi^-frA (Al) , 9^/#>v 

(Ta) % ^yyfy (Mo) N ^nA (Cr) , . 

y di) &<D&mizfr&*tih<D&&&m^xh& 

<, *Mfc*#»;i*t># y -s i tfcottft^. £ io 

I Ml* ^y -S i G e^^I TO*^>aW*«H*if 

[p 1 0 4] £l±<D^X3-tX\z£ |9 N 011 (a) tC^ 

tnI©TFT4 0^t5o piTFTH^I 
^l-fl, y y^&AiTSttfr BK-f^IiS: 

[0 10 5] ^»»^(t6TFTil 77^>y 

h*— 5&JB^T, h«ffi2 0<£> KM 
0^/&£*LT^Sfc#>. Ell l fcaHM: 5 te* 20 

VfiOO L D DfiMS 18bi 2 2 £ <D*JM> 

twai^o. 5Aim<offl« (m^mmx^-rmm &m 

<fc?K TFT4 0^y-^LDD{|«18ai:fir 

m) l-t^S^B^#ffi.Ufe^J:5 t--r-6r t^X* 30 

[0 10 6] *U»^il^ : tt6TFT4 Opmhm*: 
mfe Lf:t:5l80c m 2 / V • s X*$> 9 . SfcUfcJI 4 
£ */Si*"f i cMit L te ^#ft:»JBt £ ffl ^ T % 6 «6 5fe 
OTFT (D&W}&& 10 0c m 2 /V • s "Cfc^OlCit 

<D«E«:j&>H\ 50 0kHzl50 0 R*Pfl. httJE 
(DON, OFF^»iIt^^lIJ;!0, #^0^^^ s/^ 

[0 10 7] (ttASoMSa) ±5fiLfc*ifcK:J: 

x 5 (-gae^^xfcT ft7 u^wsl l 
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[0108] TFTrKifim, ±mw (*trpistR 

3 11) HStOTFT4 0*W h y jy^^ttJcaE^JE 

ustbTdso, tft 4 o <Dfflm\azwmm& 4 2, 4 

7) "C*)t) N Tffifi'J (TFTTKIfili) I-, #7 

ft7 misi^W(pj£S3 loim^fi, #y^ 

K*ifogBfp]j«W^a[fi^»AStb^:«aa5 3 5£r#L 
Tl/^o 3Efc^ TFT7MSftlSWlnI-Sfi3 1 

7, 3 9&9&9ffi-tt>tlX^Z>o 

[0 10 9] JitfiLfcTFTT Spilt® 
igc5 6(DlO^ Ell 3{CtA^UT^i- 0 TFT7K 
Sfi-bKtiU *»5 2Wf-^i5 4^hy5/^ 
^*tfcE«S*tT*5D, #XllffiOiSflFk:TFT4 0# 
BaB§tbTV>5„ TFT4 0Oy-^tH2 3a(iT- 

4izmWt£tix*$*)^ KWytfi2 3bfiSW 

[0 110] r^)J:5l^^»l^gf5 0 
fi. T F T7 i/>f oiW*ffi{l:^ftw8/>i: J: D , m& 

<3D^F^^^u^i 0 Mrftma*. ±IESe*OTFT* 
ffii^«S*^«^*3«tSK«ilHlK<o^FA^ i 5% 

■ 5 0m 3%^-CM^bfc 0 
[0.1.1 1]. .CE L'*».*«X ^{w. ±^Lfc^&tCj: 
U fbtttT F TSrffll^ E L*^$Hlro^tRWt 
5„ £ © E L TFTr^lft^im 
t) N TFTTMSfiliv y^ 

ffiTFT. mmmrFTRrj-ELm^mm^tix^^ 

[0112] E 60^, El 1 4 \Z7jk~t X 5 tw, I 

. To*^<o®eq«ffi^e>*s»«6 i, ^*i6 2, IE 

HFL^A® 6 3WA 1 L i *^<D»Si6 4 Sr#j|g*->y 
a^IRl l±{c«B-r6i^l-J:l9^$n-C^-6o 
S6 4^T1« (Sfil'fil) 7;u^^^/!l 

7^iaW»l6 6«$ntl^ 0 OT6 2 

W^^^xj/ h^y y h36«S:ffl^T# N 

[0 113] E L*^6 0<Dtt&b Lts *HJ6Jg|Bt? 

tt^Ky v ? 7/^/w7^ti/yii#^i^/c^\ teo^r 
aiWWs «ifi, te^jKy 7/i/tuy*tt» j ?'zKy 7x 
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[0 114] C<OEL«^K«^lfiIKEaS:Hl 5i^^ 
■To jyf ^fflT F T 7 1 hlftliy- hfi 

*»7 3fcl«Jtt£*LX:|3!K V-^tSfillfflTFT 
7 4<^y- h«ttfc«8K**tTV^S. IBSjffiTF 
T 7 4 0>y — *««#*E Lif6 0O««fcSa»£*LX 10 

[0 115] mW)m&7 7 {CXoXy- Ht*M&7 2\Z 

s-tt'^M^&Kj s/fy^fflTFT7 icoy— h 

Sffi^PP*DStt6t, ^yf^fflTFT7 1dSON 
KlblBlK7 8lI«J:ot KK l^m^rU7 3 

K-^fc KKy<ttWfflTFT7 4^y- hmm 

\^7LhtlZ>o C^J:^ i8lffiTFT7 4^0Ntt 
Hi 7 6 E L 6 0 (I t«^f ^ ^ 

[0116] rco j: 5 \^m$L$ftti i E Lm^^mn, t 

[0 117] (mM<DMM2) *mW<DMM<DM 

[0 118] HJtO»«2iC*5tt6***»lW^»5&* 

-CI EI (l^VW^) O^BBItUfco ^f*7(D»4l 

[0119] r 5 u-c»btt^**ft»i«^**fcajss 

l4(7)8iS:, BC*IB*«M* (A FM) *3J:lfi8ifi3! 

(tem) -eayssru^tr^ ¥Mmt-*5 

^T^:$^f6]C0^^atil. 6 A*raX&9 . i^ftO© 
SbfiO. S^mtfcofc (06, B7#i) „ 
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[0120] c^*»»aw««:ffi^T, ^m^mmit 

fls *eSfe*<0*tS*s 1 . 6^ mtfcS^t, h 
ft*t|?-^5>0. 8 MmlC>f4@i-6 J: 5 t-x T^^y ^ h 
>MfflO L D D^S^c 1 8 b t ^-r 2 2 £ <7)ig# 

[0121] £ 5 LX^fctLfcTFTW;. ^ibS^ 3 1 8 
OcmVv- s, »«tt^^ig^Mfi(0 9 5 
%£JLhX£>*K ^i*ttt>t**OTFTtCti:-<X&»^fe 

tut«e*^«S*^«^lt-<"Cfi#-Cibo^:o 

e L^isa^o^xfi. i %-e 

[0122] (mmoj&ms) *&*A<omn<Dj& 

jg^&Kib^X. ' ^ffltfiS*tXS*fT*?i'^, iltrfESrilWi 

[0123] snfe. B^*«a*fTofc**jr'>y ^ > 
7^-yR*»rtt6 {ai6 (a) ) o oiv T % mm 

Hi5MoW«M**ID!US (016 (b) ) . Ui^ 
-5dS?g^Stb-5 (Ull 6 (c) ) o 

[0124] &{c N *Rg*fxs^fTi/\ #jKa->y3^ 
si5Hf±s ^i6ojgiisiiw*3jt5*fig«txstrai:T-fc 

6 r U < , ****lllT?tt 3 80mJ/cm 2 

[0 1 2 5] _ *j8*««fc*3^Tf±, HJfi^Jgffil^J; 
5^«R8l+XSS:fi L oT^*^fc«). Mi4^M 

T^-/^e (ELAgf) (Citlf+aDfiaStXSSrtf 



(15) 
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y 4^Pfe£r£C6/c&, #*L<fci\, b 

/c^oT, u-— ^*3fifffi. SHfc©*tBl WsrtS^fll 

Battxs fc ipi c«h* s #* u < , 250 

mj/cm 2 «i: Lfc 0 £fc, 3ES-±o 1 -5rBffc*M"SBI 
[0 12 6] C 5 Ur#fe*tfc*W*H»l)to*tt«^y 

=iyefil4«^ JK?-M*)IHfRtt (AFM) 
t^jSiiMS^SSfc^l (TEM) T'ffliJ^^rUfc^ w^>, m 

Hi^ i o oflo^ftSiSAi 4tJio^r*fes^rte>o 
tt i ^*^*txstc*3v>r. u-^^^vp^-crs, 

0. 8 umX-foZVlZit^X, tf 6oMS/>ft^ofc a 

[0127] :o*»*is^ffi^t, mm<n]&mik 

^ftAt6 0 r.co^, Ell 7{^^i~J:plr, h 

2 2(7)WJB^5)2|imW««f4> ^-^ir-/h®^18 
c, 1 8 dtf*J***t* c U^h/^-Via 

[0 12 8] *8gjgi(D»S^2 fimX3bZ><D 

x\ bmm ^mco^K -xi&&te$*<o 40 

^ N Ki/>fyK©t7ty hfMSl 8 d ^-r^M^^c 

[0 12 9] ^5 LT#<b*WcTFTte, &KlX*:'2 0 
0 c mVv • s , m&&&&<D&9h&&®mU<0 9 5 
%£Jl±*>»5. ^i"tttiS*<OTFT^tt:-«Tfi»t?*>o 

^2. 5%. pJgD^SA^^a^O. 6%T-£>9, ^ 50 
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0. 7%-C£>9, uBK^Ffi*d s l. 2%T*£>!9, l^Ttt 

[0130] (njfio*iB4) #ck. ^m^mm^M 

i£2f & £ ^BM*XS*tT toi*tc WJBJWRJi 4 R 

9, SIC, ^ (DMI 4 7 -i' y y h ^r- 5 -^M 

i-<5Xg*, 7^- hXSRt53iiy^^Xg^J:9fT5 
hcoxfo&o 

[0 13 1] BP*>, Ift^^JSSrfTo^SKixy =^ 

tU, InTiO (ITO) MS:J*JBt"r6o oV>t, 
M8R^yfy^lSi:J: 9, -Bf^Jgtt^ I T 
0/^-y^f>4^Ml4W77^^y h^r— 5£ 

[0132] ^(c, *BgjM-xes:m\ #*Nfr> y >- 

g£r 3 6 0mj/cm 2 ^U £tR_h£> l >5rMt-^i~6 
fiSAtlsJjftS:. 3 0 0IU (3 0 0/^) £*Lfc 
J: 19, Ml4^1l:^«il 4«$ti5 

H7#bb) . ccomte, mM<omm 1 1 route 

IT, »W»S4*l»*i-So 

[0 13 3] #^*1IBI-*3^T«\ 3 i: RJ 

«(^«Rgl*xaSrffo-C^*t^s. »«R»4*S3t3ia 
tt&^i-5*MC"T?*>* I TOdJ: 9*ricStt"CV^«fc 

[0134] c 5 ur#fettfc^*«s*!Ko^:«caiBfi 

14 ®^ra^8i?a« (afm) *sj:t«aiaa! 

(TEM) Xffl^^Lfc<h r^>, ^$^[^<7) 
a #5 4 ^ m-Cfc «9 , ipi^f^^^^ b ^ o . 5 /x raffc 

^O3t 0 5E{C S 1 0 Ofl^ttfttSAl 4iio^t^ 
(Of^^o#^^-<fc^ r^>, 4/im±0. 4/imtfc!), 

*-eflMtLfc»frj&Sl. 6/xm±0. 8Mmt$>6^(^ 

[0 13 5] r^^Mi^fflv^t, mfitojgffii i 

»3SUfc 0 Ms4»*36«S:«*-t-STFTOjR5fi|i:d3^'r 
fi, *HJ6?KffiT*fi. ^- hili2 o^88*ftl 4 
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WM2 0<Dy — *— Kl"f ^^fpJOftS £: 2 . 5 m mi: 
"T^r iricj: *9 , y— hm^2 0<D ^fll^flSdK 

^(D^-^^/Ug^r 2. 5^m^'U ^-Y-*/HB# 2 2 M 
1B!j(£>LDDiliJ$l 8 a, 18 b^LDDf^O. 8/im 

a, i 8 b&mmi.izm£fi*> bp*>> u 

[0 13 6] .5 IsX'&btlfrTFTn, fMhStitz 2 10 
0 c m 2 / V • s . ■mtt£«0»ttA*Sft»1K0 9 7 

[0137] @m<oj&&s) j&mtow&em 

[0 13 8] BP%, I'ffimMX.mzX'QM&Ztltz&m 
7 7^^>h^-5Mt5 (08 (a) #RfU • ft 

mj/c m 2 t u &E_b£> 1 ^3f{c*r-r-5fia*na*" 

Sr. 3 0 00 (3 0 0/^) t ^ftl- J: 9 . 

[0139] i 5 u-c»e>ttfe^»#:»i«^*«a«ft 

14^ttfilSr, JR^IHAMMt (AFM) 43J:tJWIS 

a^sawK (tem) -eay^^t^^c^>. s^^r^^ 40 

ofc (El 6, H7#I) a 

[0 14 0] £<0¥»fr»J»S:JB^"t\ ^IffiOJ&ffi 1 £ 
KB) o 50 
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[0141] *^J6«ffi-Ctt, ^-hlfi20 ds^ttS 
jggi 4(D4 , *l^4B-r5J:5lw > r^-f^b*— 5 
lc £ <5 y- V HZ^m^* * (Dj&m&tt&frotco w 
*>, ^S^Sfe 1 4<D*§;fcrpJ<D3&&a s 4 Mm-e*>4<o 
T\ y— hti2 0(Dy — * — FM ^#[pJ<Z>*SS: 
2. 5 Min^-r^r y— hlH2 0<7) KK 

^/l^i|c2 2 cDg ££2/ 5/xmi:U ^ 2 
2i^iB!](D^-^ir-/ h^gigtl 8 c, 18 d<7)fi££:0. 8 

«i8c, i 8 d^iB»ufc*iie*^*9, 

[0 14 2] w b ItHWcTFTf^ »»fi^3 1 
0 cmVv ■ s , B^^mo^SjS^W^1ffl[^>9 7 ■ 

[0 14 3] (HJ£(75JKffi6) ^m<r>%1^(rm 

[0 14 4] SP*^ StRl SrlEie$ 

^-T6 03l#fiB) 0 «I^ISli4 5 0TO±6 5 
l^M { 9^/J^<-T6^^{31fi > 5 5 0m6 2 0t 

[0 14 5] e**OfR®3ffi<^J:5Jw^y*^@^xaS: 
4 0 0tXfToT^fci^, ^TL^^a^^l 0 

aff-efcofca*. 6 0 0Wiftmiil:J:5s S 

fi, 0. 0 1- 2/iRitfc6rH^L<> 0. 0 5 
— 0. 1 j»m-C*>££fca*J:9#*b1f\i 
[0 14 6] HJfiCD^ffiS tTOltX> ^ 

(afm) &±Tfmmmm*wm 
m (tem) -c»y^*L^tr^. fts^iRjo»aa*s 

3 0 »mX*2bV , «|^^-[p]O^^b^0. 5 ^T'foofc 
(0 6. H7#fiB) o ^fc, ttrt^*#tt^»(4***o 
fee /J^fiHSa 1 5 «u 3KS*S 2 0 0 m m«T-Cfco 
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/to 

[0147] z.<D*mftmm&m\<^x. mm<dj&mi t 

fcL^Co ^- MS^V-^- KM y*|pJ(Of S Ii4 

/zm<bLfc 0 r*tUl<fc!K ft*/l** s 4Mm, LDD 

10/x.mOnlTFT^#fc 0 ^*lfb<£>®^te, ^Cd* 

[0 14 8] ^ 5 LTft^fcTFTIt 3 8 

0 c mVv • s , Wm&&1k<0&U&&WR&<D 9 7 

ofco T«UB^ffl?LO¥«&?LSdS 2 /i inKT-e* 

[0 14 9] ***^JS«l^oVNTf±. WWHS^* 

i 

0. 3%t?«>5x M^Fft^* 5 0 . 7%-<?fc!K ^-Ttl, 

[0150] (mm<dj&i&7) atm, jmm<D%m<Di& 
m<Dmmjj&&. mm<oMmi^^xm^±\crmm 

[o i 5i] mm<Di&ni tmrni^ mmi± 

In* TEOS-CVDj£(a^If3 00nm^S iO 

f7^U-'>3 ^X^^Sttfc^TL^Ay^y a^fflt 
asBMfcSix, Si0 2 l2ai:45 (@18#ffi) fl ^ 
<7}S i 0 2 ^2 a 4M£fi#S<D£?L;^;£*W ^TLO^p 
*&7L«f±l am^T^fe*,' £ft*^i"£TJftIBt2 a co 

Jt?ffit?tt, S i 0 2 ^«ft4i^t)46T*K2 % R 
TJ\ #JL«B**e>fr6TJftBt2 a(D2B»5gfc-r-5r. t 
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[0152] c<omfi> UMi^ffis tra«icur, ¥ 

JMftSS:. JDK^KWSflM* (AFM) fcsJ:tf&i@S®^ 
m»Sk (T EM) TMSrtfciC^ &£j7fa<D*m 
a^30/i mT-$> 19 . (B#Ir]<08$I b & 0 . 5 mT&o 

ft m6. H7#bb) o »rtfc*f 

o/c. />*fcSJeSl 5f±, *fc«*S2 0 0 ^mfiATT-fco 

[0153] z.^mftnm&m^x, mM<ommi t 

SdS4/£m. LDDfi^l. 5 /zm, y — xS*5j:t^K 
l^-f yg^l/^f ^xt) 1 0 ^ m(0 nlT F T ?rifc 0 w*l 

[0 15 4] IXi^WcTFTIi, »ttflW*3 8 

20 ofc 0 

[0155] m&m^^mzus^x^ mmm^^^ 

SpdSl. 2%. H)WSA7^W0. 2%-C*fc?K 

0. 2%-Cfot), MK^fi^O. 
[0 1 5 6] #7LK«Sr*T-r-5T«J«tts SOG (* fcT 

30 5 0 SOGIt *T»L ffi«*Bat>*v.v - - - 

[0157] mmcomms) *w&<nwfcvm 
[oi5 8] mm<Dj&mi traftntts s«i 

±{c, T»Bl2&t5#SK^y 3^JK3*»j«b (01 

40 ^^RT, @ 1 9 \Z.7frt X 0 tSttfr^^Fffim* 

ftoHa^^^Xi l 4d5S^HWTi:fe5 J: 5 lcR»t 

^tt^cS^^^ 1 0 5^fflt5 0 myt^r*? 10 5 
[0 15 9] #1/^X1 1 4(i, 0 2 0 (a) JC^-f J; 
50 ^BR»Stt5*»w««ttft^*4:^lS$-fr6J:5l^ 
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[0 16 0] ^(D£? \Z.mrfL£tltz.&ft-?*# 105^ 

mmm^mft. mm^mm i ^*3*t-5*Baitxs^# 

-&^ra«-e*>9. *»lt'li3 8 0mj/cm 2 i 
fi, E12 0 (b) {^-r<£ b l/yXll4^ff^ 

^(IH2 0 (b) l;i*3tt6 2#m) ^X114 

*\ (afm) *3i^SiaMm^»« 

(TEM) T»J£4rU/ti:^^. ft $#[nje7>*fc« a # 6 
MmX$>*K iffi^C03K^lb^2 nmX'fritz: (0 6, EI 

5i-> #*&fc^ffiXte, ^ftr^*^ 1 0 5(7)uyXl 1 

4 t;i*tt?-r steals t^#^v/y^>igii4^ 

[0 16 1] C^*»#*lK4rffl^T, HJfi^Jgffil fc 
[0 16 2] r 5 LT#e>^fcTFT|i. ^IbSd* 1 7 

o c mVv • s x m&&&&<o&ttmifi&n*L<o 7 5 

ofc 0 jftfi*^3£«Ko^x«;. igSblH^^^Fa 

1%. I®«W^7^6W5%tfc^ ^Ttt 

Sfi. ®£ 5 V^EPflPBtl^^X 4 0 0 c d /m 2 X&> 
££*c£>3 0 0 c d/m^ifc^Xft-bLfco 

[0163] *fc. *mmj8m<D*m#mm<ommz& 

y 3ygg^M/><l:*^^t, TFT£ 
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/^*fiait-r6»* (*aERit) t-f*. j^u^^il^ 

[0 16 4] *fc, l/yXH4«il **J6^IS 

[0 16 5] (HJfi^»ffi9) *Wft<oWfc<rm 

«wKig*«fe«, H2l fc^-T J: 5 £ b 

«UU «ft(OBHPffll 3 8Sr«/*LfcB5t^** 13 9 
SHsWBLfc. £-!lflPgfll 3 8fS, MP®ad s a»W^ 
20 <b-r^J:5{-— W^J*£*bX43«K CcoSWSW^ 

BH4 if***. 6 r i Xfr o X t Si/% 

[0 1 6 6] ^-HSPgftl 3 8<D±%£&. is—^%l<D 
M^3 8 0mj/cm 2 ^lfcl^ K^** 1 
3 9^ LX£E 1 iCfiglt S'tLS**^** 5 2 5 0 m J 
/cm 2 7^3 8 0mj/cm 2 i:/^J; 5^KffSttX 
Hl^ »3t-^^^ 1 3 9(C(i, — 

30 ffl^^^J^p l 3.7d?JKj**ixT.lf^5Lo 

[0 16 7] Z<D£ 5{zm&£tlfeSyt-*X* 1 39^ 

«ft:*^«ri5!3tUfc (H2 2 (a) ) . K 
1 3 9^P 1 3 8^riij^bfcU— ■9 , 3fc7 

60 ^cttSJgfil 4C0«[^€:, jDK^NIASHtWR (AF 

m) & xummmn+zmm item) -caa^sru^t 

40 C^>, ft^^CO&^a ^ 1 0 /xmX£>9 % «H^r6j<ptt 
^b^3 jumXfcofc @7#1) o ^^1, Strt 

^> «3fe"^^^ 139(7)iP13 8j6S*i-^JI^JCi--5 

[0 16 8] *fc. **lfi^ffiX*4x ^^^^ 13 9 
iw^r-^^-^Jg^co^p l 3 7/^j££*l,X^5fc 

50 avt^ffii^f), 
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[0 16 9] ^.(DTy^^ ^ h^r— 5 35^^^ 
[0 17 0] i b U#f)^:TFTIt ^S)S^ 2 5 

o cmVv • s. wm&^'&<D&mjgmmm<n s 3 

3^8%, m®fl$gA^fi^4%T*£> , 9. V>i*ttt 
««^gfC^XS»t'$)ofc a £/c, EL 

^©^tt^T^T^o^o £/c. E L^gf^S 20 
fct* «EE 5 V^EM0B#J-*5^"C4 5 0 c d/m 2 X*fe 

[0171] mM<otemi 0) *3l91tf>JliS<£> 

j&ni o\^\,^xm.w-rz>o mm^mmi oi^wtz* 
m{£mm<Dmm2>m&. m^t-*** ti.x. m 2 3 \^ 

5 0 ^fc^*^ 2 0 5 W^fi, ^i@t^W 

[0 17 2] #uyX2 1 4te, El 2 51-. 

■Ix^X(Dft*fi. l/-f^M^3 8 0mJ/cm 2 
2 5 0mj/cm 2 ^f)3 8 0mj/cm 2 

it-**? 2 o 5^5taiatt**-r«5««^— wi^x 

2 4 0«^*tVTl^ (H2 3#i) , 40 
[0 17 3] Z<D£ ?\^mi&£tlfr&yt'**? 2 0 5$: 

Lfc (EI 2 4 (a) ) 0 Ztl{Z£V, ft 
it^^V 2 0 5<DU>-X2 1 4£Si©L/cU — if * 7 

«u in 2 4 (b) d^-r £ o ?iantti/>'X2i 

fal4«^ H^-R^S^IS (A FM) *5j;tfSi@ 
(TEM) -CMSSTLfctr^ ft**lRl 
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fcofc (El 6. H7#BR) o Hit^ ttrtfc*#ft^ttf4 

ttdsnsntt t tt 9 , i 4 tDffiSf^^ l/c q 

[0 17 4] #HJfiM£ffi-Cf2, ft#^** 2 0 5 

(C^^^tfc^r-^^CD^^-^2 4 OK* 9. ^ 

[0 17 5] c^^^^^fflvNX. mm<omm \ t 

Tx 4 <DtiLUlZT FT &7f2/£Lfc 0 *HJfe 

JgffiJiliJo^TttU Mit-?*? 2 0 5C7)U>X2 1 40f 

1 4 <Dm&tSLM#£ *) ^ilo-^ 
■ FT^ptti^Sr, £ 0 filSBK ft 5 £ fc-*s-C# 

[0176] C 5 LtiWcT FTH ^ftgj& s 3 7 

0 cmVv • s, iBtt=»aE«^»»fl[d s «!)»l4i[^ 9 5 
%JK±-C*«>?). V^i*^xttt*^TFTiCtt:'<Tfi#-C*> 

a3*£^«S*^»«^tt:'<"Cfi»-C*>o^: 0 EL 

*jStt«l2lOV^-Cfl, ffl3BlA7^6Wl%tfc 

K«^Jt^X.a»X**>.o /c 0 */c. . E L X**ftftiZ>J*A 
fi, «/3E5 V(7)fnAD^^i6^T4 7 0 c d/m 2 T*fe 

[0 17 7] (HJfiO^ffil 1) ^{^, 
a»»:»!K^»iS*ifett. i: IT, El 2 5 (C^r 

T W«^BB«Sttfc«3fe-^^^ 2 4 1 SrftffltSo 
Dfl|fR2 4 2<DF^ffitt, P91§lW^^$tur*3lP. 

->T® 2 4 1a £<7)P^l^^2 4 1b 4rff^LTl/^ 0 

[0178] EI26 (a) ^"TJ: 5 1-> J: 5 Iwfl! 
S$Wcg^^^2 4 l$rSffil^i£<^iBSU, H 

2 4 lSrSiSUfc^"- if* 711, m 
2 4 2^MtSSi2 4 1 b^«torfiCffl^i*ttS: 

El 2 6 (b) \-^-TX 0 i^. StR±^K*t 
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\zfaftxiti j etiftMiP#inTz> 9 DflSfl 242 <o±% s 

Rt/SM 2 4 1b <7>ii5 S fis U-f*^)»SS:3 8 0m 
J/cm 2 <b Lfc^^ 2 5 0mJ/cm 2 ^f)380 

mj/c m 2 o«*»tt*^*i: *6 J: 5 t-taW- Sixr ^ 

ZltZJjfeb It, ^ft^*^ 2 4 1^)TI24 1 a CI 10 

tt, r^ffl5^*lJ¥^523?R5J:«9 1>*< 5t-« 

[0 17 9] *tfc«ilSAl 4 03£tf££; N ®^B8*a»«t 
(AFM) ;fcJ;tf»iBl!«^««« (TEM) -eW^S: 

fioSgb^iOMit-fcofc (06, H7#B8) o £ 
[0 18 0] *HJB««-Ctt. JKfe-*'** 2 4 1 

2 6 ( a ) #f£) o 

[0181] z.<D¥m#nm&m^x. nm<nj&mi t 
mm*.* .***»ss«x«ex*»|6«* 30 

SigLfco 5 TFT OlSll^PT 

ft. ^cttSISA 1 4 <D«riMfc«a* J: 5 ««L&o— Jgfctt 
9. 77^/i/h^-5ilJ:^iv'y='yggi4 

iTFTt ;bi*r * * t> IftK fi < fr 5 £ £ # # 

[0 18 2] r 5 LT#5>^TFTIi, ^ttS^4 1 40 
0 cm 2 /V • s . Mfe&&&<D»m&tftamt£<D 9 7 
%K±t*>t)x V>-r*Ltt*3fe<^TFTt31tt:-<Tfi»^*> 

ti^&&<om&m^mz&^x'&&-eib<>it 0 ^tc. 

E L^SM(Col^T«, iSM^S^^^^^^O. 6 

<£>ftgcf:£. Sffi5 VOftlAnB#l£:fc^T5 2 0 c d /m 2 

ft^lCfc^T^Lfco 50 
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[0 18 3] (HlfcOJglKl 2) &tC, *»MOHJ6^> 

2^o^xiftMi-5o nm<7)temi 2^&nz>* 
mtimm<D9m*m*. 02 7^^-tj: 5 1-. s*-^* 

kfc5«fc«»<&W)Pffi3 3 8*r*j*Ufc«*^^^ 3 
3 9*ftfflt5c #BlRSl53 3 8tt. tt 

mmizfartxm p am* s «Rtttfciiiinr* <t 5 

KE«£*L-C*3tK ¥®«»ntt05t*»*»J*««3 
5 0$:«tt^5c HP*>, -**»***««3 5 0 

^fftl^AD-f 6 «fc 5 #BHPffi3 3 8dSBB«SttTl> 
So #HPS3 3 8om BBIH&Jfrau u — 
S^3 8 0mJ/cm 2 iUl^^ «3fc^**Sr^ 
UXK«l!lH(Ut**uS**»*^ 2 5 0mj/c m 2 ^ 
e>380mj/c m 2 C0fS^W^*<b *S <t 5 f^ff 

£*tX^6 0 I*vx^ 3 3 9iili, C<^)J:5Wt^ 

9kMj3L£tiX^Zo 
[018.4] Hit. **5>*JKJ*««3 5 0 

3 7*S»*SttTV^o 

[0 18 5] r^)J:5^»J*SiT/^:*3fe^^^ 3 3 9* 

#MBt*r»{3gLfc 0 3 5 0(^)|P33 

8«r»iBUfci<-lF#tt* £« l ±<a ft 

roue*, iSiagp^^ismasj-fpjJtx^^^y p^ne 

Al 4.*s^j*Stt5o **fcffije*a.4.^?«».*: v .llK^IIB 

*SB»« (AFM) ^Jl^ifi^m^ffiWft (TEM) 
(Rfr|p]0>ttftbj&S 1 0 timXfooti (HI 6 , 87# 

«esi 4offia*5j£^:ufc 0 -£tc ytmstimr& 

5 0«^««JCJgfifcStLfc»Plfl5 3 4 0£^L 

[0186] ^fc, *mtistetex^ myt-^x? 339 

^Jg^S^fc^— JKfiKffl<7>BBP 3 3 7irJ:«p x MP 

3 3 7 ^Mf^-r^HLm^^&^v >-m*&&j&i&£ 

ft. ^ tomtit &yt-rx#'3 3 9 J: o TflMtiPMR 

[0 18 7] CO**ft:»Bl*fflt>-C, m&<DMmi t 
»3tU/t. ^^@^*^-r5TFT0D^3t^^V>T 
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[0 18 8] C 0 IsXmbtltiTFTt^ 4 
10 cm 2 /V • s, Wtt£&&&<D&mgt&$)Mm<D 9 10 

o. 6%r*$)i9. pfK^s**s4%-e*>*9x ^-rtttse 

*OEL*^36B^Jt-<"Cfi»-e*>o^: 0 ELg 
^@C0»Sf^ ®£5 VOHlftMlC&t^T 5 2 0 c d 

[0189] mm<Dtei&i 3) *%w<Dnm<D 20 
mwmm<Dm^m^ 02 s (a) 5 fc* * 

1 RVT 7 4 * > V ae™ 5 ±fc»b«l^lMtHKc t*<n 
lft«kttT*Bl2S:«AU -<£>Ti£JBi2 ±^**«i^y 

[0 19 0] fc-#SS^^^B3CTl.T, -LIE 
**fiB*f-T6, :tiiai 02 8 (b) t^i"J:5 

^5s«^*«ate* 1 4 #Jgj5fc £ n,6 0 

[0 19 1] £<7>«J4s HJSO^ffil (C*3tt5TFT(0 

(c) l^i"J:5^> ^^14^4i(ITFT4 
0^t6wi:^t^5o r^J; 5 T7^^yh 40 

[0 19 2] TifeflS2f^, 0 2 8 (d) ClTn-f J: 5 t-x 

±^'JTlfe3i2 b £ TfflTifi^ 2 c i<0 2l^5)i*U 
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[0 19 3] (HJSO^fSl 4) ^(w. #350!<a*lfc<& 
5TFT(0»5Stt. — n^U— ^ (coplanar) » 

ro5J:5 4iSJ^^^«S^TFTfi, &<E>£5KbT8g 
[0 19 4] £i\ lfil±i:77>f^yh^-5S:« 

*bT^e>T«a2S:«*-r5o o^r% &mm&x'< 
s^y^u 77^^^h^5^>t7thyy 

2 9 (a) ) o ol^T\ hiill 9&TEOS- 

J;«DJK,7K^t:€r?T5 (02 9 (b) ) „ 

[oi9 5] z<ofen. mm<Dj&mi tmm\^, ^«m» 

ltU #*Sfir>y ^VJKl 1 £9 tfRCat^^K^W 
Wa^#£JiMIWl4*, 77^>yh^-5»>ty 
- hm«i2 0<O5S«lw*rti"5 (129 (c))^L 

fi8UT^e>«c«Jl4^i»*xs4-fi L 5 r. t\^£ t). 

^fci, r7-f/yh^-5fi N .Sfili:Tlftl2^^ 
[0 19 6] *«P^^HJ6(0^ffi(ro^T^:fls:W 

[0 19 7] 

[0 i ] *mw<Dmmv>Mm 1 (c«6^*flc»iK<o» 
[0 2 ] mft*mftmm<Dm&*mz&\,^xmmirz> 

[0 3] S(rSE**»»JBt^»afi*ft(w*3^X. 
[04] W«B*«ff*Bl^»ie»ftt-i3^T. ^i® 
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[0 5] (a) .MIB^#ft:»Wro»ig*jfe^*3l/>Tx 
*fi8*txatc*DMt5#t«B«:^-rWrffiH, (b) # 

[B8] mia**#»fflt<ojH5S*«fe^*3v^r, mw& 

[010] *mw<Dmm<DMm 1 icmz>*m#muco 
tmjjmzis^x, *mfcmm%mf£-r z>t ft <Dgtm: 

XSSrRM-rSfe«)"<o»rffi0-e*>5o 

[is 1 1 ] *mw<D-$m<Di&m 1 k« 5 

*5^T. (a) MlE**tSj»fifcTFTtO<jcaBB«* 20 

Tjk-rmmm. rx*. (b) ¥i^t*fc5 a 

—wxfoz>m£km^mM&—&tyvx\*^x^TWfe®$i 
mx&Zo 

[013] H^lS^^^^gO--g|S^^"r«B§ 5 F®lll 

xhz> 0 

[ei i 4] ^m<Dmm<D^mi \z&z>*mft&n<o 

-So 

. [.H 1 5-1 SMBE L*»afi«^— »S:^i:[HlKH"e*> 30 
[Ell 6]- *|8M^I?JB^»1B3-^«-5^#i*»l«^ 

■f-5xa«rlft9H-r6^:«>OWrffiH-C*>"6, 
[017] *3SM<0||lfi^»ffi3^«6^#ffl6«^ 

[ei i 8 ] *&w<Dmm<DMm i \^&z>*mttmm<D 
m»jjm\z#\,*Xs mi<oTWR±\^ ^nmmz^-t 

[019] *»M<D3l*^««B8^«S^*ft:*l«9 
»Jt*ttfcis^T, K5t^^^4:ffl^T*Rg*fxaS:fT' 

[0 2 0] (a) Si 90^^-Tlg^^^^ffl^yc: 

5tt««r*S;Wl!:*i-BfrffiH, RXfi, (b) 

[021] *^A<Dmm<Di&n9iz&z>¥mftwm<n. 

[02 2] (a) ^2 lil^fg^X^^t^c 50 
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*«^*«5S»J!i*i-WffiHx &t>\ (b) #;S#*(0 

[023] *#9itf>3«6<DJgffi 1 0 
^a43fi*felc*3^Tx **^^^*ffli>T*B8*tXS4: 

[02 4] (a) $19i^tS^^^^f^ v t 
*:RfB*«5£Wl^rWrffiia; Xtf, (b) 

[02 5] **WOiafiO?gllSl ll£«S¥#tt»Bt 
^»5t*iSfefc*3^Tfl6ffli-6«*^^^0 (a) ffljffi 
0. Rt/. (b) «4«0 

[02 6] (a) $2 5 0(C^-TS^X^^ffll/>fc 
*BBStXS^J: cy 3^Mt±(c)te*^**s^CT^ 

s«ffi*«s;»^^i-Wrffiia, st/s (b) 3t*^*^ 

[02 7] #38W<£>l»60>*liB l 2 K«6¥*flcaMR 

[028] *&w<Dmm<Dtemi 3\^&z>*m#mm 
[029] ^mm<Dmm<Dmmi 4\zLtfkZ>*m#mm 

5exS*KMi-S*:«)<z>»rffiHT-*>6o 
[03 0] **PJW*S*Kf Hfett S L D Dg«X 

flairs' K««^ilSS^offi«BB«^W*^-riaT**) 

-5 0 ■ 

[0 3 1 1 y a txF Tfs nctt £ offlsi 
m^comn] - - • - ■ . 

1 Sffi 

2 T«B« 

2 b _MMTJfiJ« 

2 c TffllTJfiJK 

3 ^fia^y^^i 

4 #cf&JI 

7 1P* 

1 1 #*£i8r>y avl 

1 4 

1 5 /h*fc«*Sifi 
17 

18a, 18b LDD^giflc 
18 c, 1 8 d h®$c 

1 9 y- h*ftg:ISi 

2 0 y-h®^ 
2 1 JBMfeSMS 
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2 2 ^ 

2 3a y—*M& 
2 3b Kl/^yf 
2 4 y-^^igc 
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4 0 TFT 

5 0 ^SS^^g 

6 0 ELSf 

1 0 5, 1 3 9, 2 0 5, 2 4 1, 3 3 9 Sft-v*^ 
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(5l)Int.Cl. 7 

H 0 1 L 21/20 

29/786 
HO 5 B 33/10 

33/14 



F I 

H 0 5 B 33/10 
33/14 

HO 1 L 29/78 



A 

6 2 7 G 
6 1 6 S 
6 1 6 A 
6 1 7 A 



2H092 JA29 
KA24 
MA27 

3K007 AB05 

5C094 AA21 
CA19 
EA07 

5F052 AA02 
BA20 
DA02 
DB03 
FA04 

5F110 AA01 
CC02 
DDI 3 
EE44 
FF30 
. GG03 
GG45 
HJ23 
HL08 
NN02 
NN35 
PP04 
QQ25 



JA30 JA42 JB13 KA04 
MA05 MA07 MA 13 MA17 
MA35 MA37 NA24 NA25 
AB11 EBOO FA01 FA03 
AA31 BA03 BA29 BA43 
DA14 DAI 5 DB04 EA04 
EB02 FBI 2 FB14.FB15 
AA11 AA17 AA24 BA12 
BB01 BB07 CA04 DA01 
DA03 DA05 DA 10 DB02 
DB07 EA02 EA11 EA12 
FA19 JA01 

AA07 AA13 BB02 BB04 
CC07 DD01 DD02 DDI 2 
DD14 DD17 EE03 EE06 
FF02 FF23 FF25 FF29 
FF31 FF32 GG01 GG02 
GG13 GG16 GG25 GG43 
GG47 HJ01 HJ12 HJ18 
HL03 HL04 HL06 HL07 
HL23 HM07 HM14 HM15 
NN03 NN22 NN23 NN24 
NN37 NN72 NN77 PP03 
PP06 PP35 PP40 QQ01 



